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FOREWORD

The st ison the microbiology of activated sludge described in this report wereJ
done by Sceta Research 1iboratoreF Inc-., Seattle, Wash., under task No. 793001,

*crc No. A F 41(f;09) -19741. The rec,,rch wkas accomplishe-d between I June 1963
and ;i1 Pecember ?P0,4 and xas monitored by Major . ames F. Moyer, Environmental
Systems 1?ray!(h. "SAF School of Aerospace Miedj ne. The manuscript was receivei
for publi nti--on 2 May 1968.

Firetlien t  Michael J. Ryan and D)r. R. L. Mi,.. of the Environmental
SytrsBucrvee h eort for technical accuracy.

A coer-Iti e t of figures as submitted by the conlti actor is available in the
Aelromwiieai I hrarv. U'SA F School of Aerospace Mi dicinw, under this title and] report
nnmber. leau-f' of the large numbi r of illustrations submnitted, it was not feasible
to pul,)iFeh themn -"I

Tii is re arx Las be-en rnv iewvd andl is ap~proved.

Colaol, t!S.\ F, MC
Comndier



ABSTRACT

A study was carried out to evaluate the assimilability of common urinary and
fecal constituents by the active saprophytes of high-solids- activated sludge. The
saprophytes were obtained in piurp culture fromn mixed cultures grown on undiluted
human waste. Conventional isolation and determinative procedures were emnrloyed.
The isolated organisms were found to be primarily species of Alcoligsln"- Pseudomonas,
anu all of wh~ch have 1*i previousty i! in ai. ivated sludge.
It was observed that most organisms could assimilate a substantial quantity of the
small molecules, such as uric and hippuric acids, contained in human wast, The
ability to handle complex polymeric substrnhtes. how %ever, such as tarch, , nil
and cellulose, ~ sfound to be limited. Hilirubin, coproporphyrin, and trippollmitin
were found to be refractory The authors attribute the saprophytic activity in

activated sludg- to a commensal rather than to a symbiotic relationship urnog the
organisms. Commensalism has an important bearing on synthesis of a biologic
systemn from pure cultures. It appears that at ieast three organisms will be required
to reproduce the activity of an activated sludge facility. Further study is recom-
mended in these areas: more specific idoontificatio;: of i.,olated organisms: use bv
saprophytes of oxidlation of nitrogcn as n energy , %rce; bl'irubiri, pyrrole, and

copropurpl~yrin metabolIi!rn; control of fnthesis in mixed cultures;; and s liective
eliminiation of inactive material in the ogic inatrix.
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MICROBIOLOGIC STUDIES OF THE ACTIVATED SLUDGE PROCESS
FOR THE RECYCLING OF HUMAN WASTES

I. INTRODUCTION Objectives

Statement of problem The objectives of the work were as follows:

Although the activated sludge process and 1. Isolation and identification by standard
comparable methods employing microorganisms biologic technics of microbial species present
for the breakdown of waste materials have in activated sludge in the endogenous state.
been in use for a number of years, very little
has been determined concerning the identity 2. Measurement of the rate of oxidation
of the specific otganisms responsible for the of components of human waste by each of the
major portion of the degradative processes, isolated organisms. These studies were to in-
Although certain broad generalizations had clude, but not necessarily be limited to, meas-
been made, it appeared impossible to assess the urement of the oxidation rate of:
role of each major group of microorganisms
from the existing data. a. Urea

b. Hippuric acid
Dependence on saprophytic organisms in a

biologic waste disposal system is complete. c. Creatinine
For this reason, should the system function d. Various sterols, taurocholate, and
poorly or improperly in a remote environment glycocholate
because of destruction of a major class of e. Albumin
saprophytes, the reestablishment of .the system
from stock cultures would be desirable. It was f. Cellulose and other carbohydrates
not known whether the general metabolic capa- g. Uric acid
bilities of the mixed culture could be duplicated h. Ethereal sulfates
by a combination of pure isolates obtained from
the parent mixed system, or whether a selected i. Urchrome
group of such isolates could possibly improve j. Selected porphyrins
degradative performance over that of a mixed k. Lipids and fatty acids
culture derived from natural selection.

I. Synthetic detergents and soaps

Therefore, the present work was initiated t
to determine the metabolic capabilities of or- 3. Measurement of the oxidative capacity
ganisms isolated from mixed microbial systems of each of the isolated organisms on a sub-
grown on undiluted human waste (the basic strate of sterile human waste.
substrate to be received by the waste treatment
system in a remote environment) ; then to de- 4. Recombination of selected organisms
termine if the gross assimilative capacity of and measurement of their activity as in 2 and 3
the mixed system could be duplicated by a above, where such combination appestred pro-
series of isolates. ductive of a more completely capable system.
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5. From cultures of high-solids activated additional materials such as cellulose, and
sludge, isolation, identification, and metabolic soaps and detergents not easily replaced in
:itudies of organisms adapted to the degrada- remote environments..
tifin of cellulose, hestianic acid, bile pigments,
and other normally hard-to-oxidize components From the work, the following conclusions
of sludge reactors. were drawn:

6. Consideration of metabolic, and absorp- 1. Most of the materials contained in feces
tive characteristics of organisms, derived from and urine are assimilated totally, or to a sub-
studies under 2 and 3 above, with a view to stantial degree, by the individual organisms
.haracterization of the overall process of waste present in activated sludge grown on human
degradation by microbial cultures. waste. i

In accordance with these objectives, cul- 2. The organisms apparently responsible
tures were developed on human waste at 7-day for the bulk of the saprophytic activity in
crld 13-day detention periods. Organisms were activated sludge were found to be various
,htained in pure culture from the parent mixed species of Psendomonas, Achromobacter, and

cultures and subjected to Warburg examina- Alcaligei's, and paracolon bacilli.
tion. When applicable, the isolates were ex-
amined in substrate depletion studies to 3. The organisms isolated from activated
determine substrate adsorptive behavior, sludge appeared to have one of two distinct

metabolic patterns. Most of the bacteria
Attempts were made to adapt mixed cul- readily assimilated all, or a substantial fraction

tures to cellulose, hestianic acid, bile pigments, of, small individual molecules such as uric acid,
pyrrole, and some related polycyclic substances. hippuric acid, and creatinine. Only a few
In those instances in which growth or metab- organisms, however, demonstrated a capability
olism appeared to occur, the organisms were of assimilating large complex molecules such
obtained in pure culture. as albumin and starch. The organisms found

to assimilate the large molecules had a marked-
The isolates were combined and subjected ly limited ability to utilize the small molecules.

to Warburg studies to determine if the extent
of substrate metabolism shown by the mixed 4. The ability to utilize cellulose to some
parent culture could be accounted for. degree was found to be widespread in the

microorganisms in, activated sludge.
Studies werf a , carried out to evaluate

the adsorptive cla,,'acteristics of pure cultures 5. Bilirubin, biliverdin, and pyrrole were
employing substrates known to be adsorbable. found to be refractory. Substantial attack on

the2se molecules could not be demonstrated.The metabolic and determinative data have Cvclic molecules not containing nitrogen (e.g.,
been evaluated and summarized. 'ychpentanie and cyclohexane) were found to

'be degraded. The lack of attack on the
II. SUMMARY nitrogen-containing substrates may be due to

the lack off specific transport mechanisms.
A study of the metabolic characteristics of

the bacteria present in activated sludge has 6. Some saprophytes appeared to utilize
been carried out. The organisms were isolated the oxidation of ammonia as a source of
employing standard bacteriologic technics. energy.
After isolation, the isolates were examined in
\Varburg studies and in substrate depletion 7. Ilestianic acid, the brown pigment con-
stilies. The substrates studied were the corn- tained in the effluent from high-solids activat-
n011n constituents of human feces and urine, and ed sludge reactors, was found to resist
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biodegradation and was unable to support mini- of the substantial quantities of urea present
mum growth of activated sludge, when other in human waste. Work carried out at the
substrates had been depleted. Boeing Company (6) indicated that urea was

rapidly destroyed in mixed cultures derived

111. LITERATURE REVIEW from human waste!

While many investigators have examined Hippuric acid or benzoylglycine
the metabolic characteristics of the microor-
ganisms contained in activated sludge, little
work has been directed specifically toward an No reports were found in which the
appraisal of the fate of the constituents of microbial metabolism of hippuric acid was
human waste. The explanation for this lieq in specifically studied: however, crude extra&'s
the fact that, by broad classes, most waste of "hippuricase" were studied as early as
constituents are known to be readily assimilat- 1881 (15). Ellis and Walker (10) studied the
ed by microorganisms. Metabolic data of the enzyme much later, and although the study
latter type derived from studies of microbial added data as to hydrolytic mechanism, little
systems have been summarized by Umbreit information has been obtained concerning the
(40, 41). Umbreit's st mmaries also contain ubiquitousness of the enzyme. in a study of
c,,nsiderable information as to the pathway of the activated sludge process carried out at the
degrad:ttion of proteins, amino acids, aromatic Boeing Company (6), it was observed that
substances, and fatty substances. hippuric acid was readily assimilated by mixed

cultures not specifically idapted to hippurate.
The literature pertinent to the present

studv is reviewed in the following paragraphs. Hippuric acid is the ar:iide formed between

benzoic acid and glycine ant has the structure:
Urea

Although few precise data are available,
there appears t,, he little question that a wide
variety of organisms can assimiiate urea. The iC NHCH COOH
hydroiysis of urea has been studied for many II
years. Sihnificantlv. urease was isolated and HIPPURIC ACID
crystallized as early a4 1926 (35).

Since urea is a t,,xi c substance, a capability
to degrade ti rva may be classed as a defense, FIGURE 1
Ar detoxificatiP n. mechanism. Based on
Stephensin's t:15) early review of badteiial
metabolism and Gale's (t7) later work, it ap- Hippuric acid is synthesized in the liverof

pears that ure:ise is produced by a wide variety mammals as a detoxification of benzoic acid.
,f organisms. In adldition to its rapid hydrol- As a consequence, the material can be anticipat-

ysis by bacteria, urea also is reported to serve ed in body wastes. Bieberdorf (3) reports that
as at nitrogen source for algae (6). average body wastes will contain 0.6 gin. of

hippuric acid per 24 hours.

The u l'as reaction is:
The study of hippuric acid metabolism is

CO(NI.) -,O------CO. +-2NH3  simplified if the initial or hippuricase step is
assumed to take place, for no reports were

The significance of the widespread occur- found which confirmed the presence of hip-
rence of ureases in microbial systems is partic- puricase in bacteria. The initial steps of
ularly important to the present study because hydrolysis take place as follows:

3



COOH

C-NHCH 2 COOH +H 2 0 + NHZCH 2 COOH

HIPPURIC ACID BENZOIC ACID GLYCINE

FIGURE 2

The reports of benzoic acid metabolism by
mixed and pure cultures are numovrous. Several
are summarized in Umbreit. Okey and NH 2
Bogan (26) recently published a report which I
included a study of benzoic acid metabolism.CaN
Symons and del Valle-Rivera (37) and Symons IuN
et it]. (38) have also published detailed studies C I-CH CO
oif benzoate metabolism. C 3 N C 2 C

CRE ATtN E
Glycine metabolism has been studied with

a variety of single organisms. The reports
have been summarized by Fry (16). In gen- N
Pral, glycine has beer, found to be rapidly N
metabolized. This finding was confirmed by
Carlson (5), who studied the metabolism of CUNil
glycine by mixed cultures similar to activated
Mludge. Chapman et al. (6) dletermined theCH N HCo

iorder and rate of glycine metabolism. TheyCH- CH O
found, as did Ctrison, that glycine was rapidly CREATININE
assimilated by activated sludge organisms
which had not previously acclimated to glycine.

FIGURE 3

Creatinine and creatine Fruton and Simmonds (15), in a summary
of literature on microbial metabolism of

In aldditionf ti' the nitrogen-vontaining com- creatine, stated that the substance was used
piinims lpreviow~ly (discussed, mammalian svs9- as a nitrogen source by a number of organisms.
tems (discharge ('reatinine which arises from Pseudomonas ovalis is reported to cleave
cro-atine in the tissues. Although small creatine to urea and sarcosine which is then
iltiafltities oif creatine are discharged quite nor- oxidized to C0 2, H20, and NH 3.
mall v. the bulk of the creatine (destined for
excretion aIppears a,, (reatinine in the urine. Sexton (33) reported that creatine is de-
Creatinine. thverore, is the true end product hydrated to creatinine both in vivo and in vitro.
of nitro,'in metaboli. The formulas for the Unpublished data obtained at the Boeing Coin-
twvo M(Il1)Mt:IntE"~ .1!1: pany indicated that algae can use both creatine
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ar1d creatinine as nitrogen sources. -T~ re- ishwet.adtitpacyofdadain
suit.,: imply- that the molecule is catabolically with the total assimilation of the genieral c!&,ss

utilZed! as well, of sterol nit lectfles. Chapman et ai. 6), in
studyin g the rnetabl 1 ismi of a numnber of human

Tauroholae an glyochoate vi.ste t, !istituents, cariied out one study on
Taurchoateandgicchoatechillest. !nil: they found that after at short lag

the ch jIestvn I was ra16iiv assimilated.
Taiuroch,iec avud glycth ii acid,; are the

-P. actates o)f the bile acid. cholic acid, with th- odzs. yr,:roscn
anlil(, cid, tarineanI Th bit, unilig three rin,- haveC been shown byIc ;s boun t the ainacdthoth l R off cl) ,nd mher 'i\ estigaitors (39) to be

n, id e I i n kaize,,. The structu res of glycocholhI. asmlbeb o bt it b feto
and :aur-ch(,ic acids are ehw elew

size *.n assrni ab nt known : how~ever,

H f the zie (. anthracene and
CH 3 / c2 phenitnthr tue are ridil.v assinilated and used

OH CH CH 2 asslcab isrc.

CH3 HCONHCH 2 COOH Albumin

H H ki~burn is one- 4 the nitrogen-contdiing
ccnp-u nds knw ft -t 15simiiple protein''-ind icat-

HO H OH met that ;f is miade up (i amino) a (is only.
Albumuin derived fromi eggt white is moderately

GLYCOCHOL IC ACID S''ible in Nvate~r an,. possesses at molecular
wc ight of abt ut 44,0110.

F1 G 1'R E 4

It w~ould appiar that macromiolecules would
H2 reuiare some prelimiinarY reducWtioni sie be-

CH-2 C foe rniicr .bia I assim i ait it n probabiy (n the
'e / N , Tll exterior. Frv ( 16). in hi , extensi've reviewOH C H CH 2 of ic7-obial nitr'ogen metabo lism. pointctti outCH HSO htasalnmeofeprtaehaebn

CH3  H CO C 2  3 purified. The ability to produce ex )proteases is
appatrently, limited; Fry reports that not all

H H organisnis have this, capability. The ability to
H01 OH produce proted 'y tic ext enzvm Cs is al~somak-

H 1Y affectetd b ' the enlvironmient, but he reports

TAULROC HO L C ACID thatt several miicroortraisms can use alburnin
or closely relate'd proteinls I caseinl and peptitne).

F! GUR F 5

Okev et al. (28) studiedl albumin inl their
analysis ttf the oxidation poitent ial as, at control

Ch lic acid is, derive4d in mamimalian tissue sv-temi for activated sludge and found it
frt'm cholest cr1. The A and B rings of cholic readihly assimoilated byatkia ted sI ulge. C hap-
atjid are cis ii) cis ils inl coprostanlol. Since 1no mian et al]. (61 observed sinilai results; inl their
furt h'r oxidat io (if the bile acids takes place in studies of the high, ,:ids actS aled sludge
ni an i l inn tissue, these substances represent pri cess. Bo thI litted thlat the suhst rate jal-
aitru I intl product of cholestertd mietab- buntin") appear' to be rapidly, ront cii froml
,)iswt1. S-todltla (36) has sunimarized at sub- the nIedilir, inl a first-tirdci'r t oncentratin-
.\tti hbody' of literature onl the genleral topic dependent fashionl and~ ti be o)Xidat1\ lv -is-
f)I hi'cnical alterations of steroids. Th e r siniilated at :i slower t'atc



Carbohydrates oxidized to allantoic acid and then to urea
and glyoxylic acid.

Starch, glucose, and cellulose were studied

in the present work-starch, because it is a The purine structure is reported to be
complex carbohydrate; and cellulose, because readily metaboized by a variety of both aerobic
of the limited data available on the nature of ai.1 anaerobic microorganisms. Fruton and
activated sludge organisms capable of assimilat- Simmurdns (15) report that Ps',,udomonas and
ing this substance. Glucose was employed as two species of C'lostridium utilize purine or
a standard substrate primarily because of the uric aid as sole carbon and nitrogen sources.
wide variety of microorganisms which aerobi-
cally utilize sugars and, further, because of
the extensive information new available on the Ethereal sulfates

degradative pathways of glucose.
Ether-al sulfates are esters of sulfuric acid,

The metabolism of cellulose was studied by us-ua!!y phenvlsulfuric acid, formed in the liver
Okey et a]. (27). The paper contains an ex- of mammal.i. 'he general form of the sulfate
tensive literature review which will not be esters is zhown below:
repeated here. In summary, there are various
microorganisms capable Gf excreting the two
enzymes, cellulase and cellobiase necessary
for the utilization of cellulose. In the ref-
erenced study, on!y mixed cultures were 0 - S0 3 H

employed and no information was obtained on
the metabolism of the individual organisms ETHEREAL SULFATES
utilizing cellulose. It was clear, however, that,
in the human waste employed as a substrate,
microorganisms were present that could use
cellulose-either alone or in concert. FIGURE 7

Uric acid

Uric acid appears in n-an as an end product Microorganisms assirnildt such esters
of purine breakdown am' is not a principal end through the hYdrolysis of the esters by sul-
product of pritein metabolism. The structure fatases, producing an orgarnc res;due, usually

of this substance is shown bc7ow: phenol, which can be rapidly metabolized.

Although not a urinary excretion product,
alkyl sulfates (such as lauryl sulfate, a deter-

H gent substance) have also been shown to be
C .. N rapidly metabolized by unacclimated, broad-

, 1 \ 2spectrum, bacteri , cultures such as 'ctivated
I Nsludge (6).

C. %0C /
H ltrochrome

URIC ACID
Urochropme is the majoIr nornial urinary

pigment, excreted to the extent ot about 73 ng.
FI(; ' E 6 per da , Although its constitution and pre.

curstr are unknown, its output has been f(11(t
In nianinials, except ian. and the higher to be relatively constant, in(een)Cdent of diet,

apes, uric acid is o xidtidzed and excereted as al- but varying with basal netalj(flisii. The cx-

lant in, and in fishi, the allantoin is further cretini (f thi. pigient is inicreased by tis.sn,

6



breakdown, starvation, or by administration The porphyrin structure contains 4-pyrrole

of acids. Very little has been successfully "c- rings bridged by methylene group3 at the car-

comiplished in its idenaification beyond iso!a- bon adjacent to the heteronitrogen. The por-

tion (9). Little is known, either. concerning phyrins vary from one another by differences

the metabolism of urochrome bN bacteria, in extent an.-' nature of ring substituents.

Porpyrinand ile ignintsThe porphyrin of importance in the study
Porpyrinandbilepigmntsof human waste mssimilation is coproporphyrin,

found in human feces, 'he structure of which

Porphyrins is the general name given to is; shown in figure 9.
a group or compounds containing the porphyrin
nucleus, as shown below: The porpiyrins are closely related to the

bile pigments. The latter substances are linear
tetrapyrroles createdi by the oxidative degrada-

CHtion of porphyrin. Little is apparently known
H about the fate of the bile pigments. No reports

H N of the oxidative degradiation of bilirubin have
been found.

NHN ~ The fate of coproporphyrin and the bile

ri f, ~pigmeiots may be rejahted to the fate of pyrrole,

H the fundamental constitt,-nt molecule. Con-
cerning the fate of pyrrole in mammalian and

C H W CHmicrobial systems, little is known. NViI-
I iarns (4-0 in his (iterature summary indicated
that the evidence conc~erning the fate of pyrrole
Ingested by mninnals is unreliable. Some, ap-

PORPHYRIN parentlY a large fraction, is excreted un-
chanlged. So me appvars as urea nitrogen, while

FIGUIRF 8 somec is reported to appear, after exposure to

CH3  CH2 CH2 COON

CH M. CH
N

COHC 2CH2 N HN TH

CH 3  H Fz~ CH 2 CH 2 COOH

CH " C H

COO HCH 2 CH2  H 3

COPROPORPHYRIN

FIGUIRE



the air, as a substance similar to melanin. muich the same fashion-that is, first by
There is also some e'idence to Suggest pyrrole activation with coenzyrne A, and thence
can give rise to pyri line in mamnmals (44). through a series of jpoxidation steps whirch

L,"eeuI active acetate (acetyl coenzyme A) into
Porphyrins contained in mammalian he- he trichloroacetjc acid cycle by a 00ondensation

moj-,obin undergo oxidative cleavage to some 1. action with oxaloacetic acid to form c-trie acid.
linear tetrapyrroles termned bile pigmients. The Ala' b icterial systems are reported to carry
bile pigments, bilirubin and biliverdin. have out A'-oxiiatin or similar processes (1.5, 24, 40,
been selected for stud, in this work. Although 41). In addition, many microorganisms use
bilirubin appears to be modified by intestinal fats or fatty acids as soaepout 11,3)
organisms, there are little data which indicatetaepout(1,5)
it can be completely assimilated.

Many nitrogen-containing substances are Snhtcdtret n op

known to be toxic to fungi (18, 22). However,
some heterocyclic substances are reported to As soaps are the 'sodiumn or ,ota,"iu-m salts
be available as microbial substrates. Pyri- of long-chain fatty acids (16- to 20-carbon
dine (12) ; hydroxyproiine (1) ;uracil, and atoms) the literature pertinent to the mnetab.
some related materials (43) :nicotine (119) ; and ijlis-n- i)f soaps has been covered in the previous
pyrimidine (8) are reported to be assimiflable. section. This review will be limited to the
Ami'notriazole, the nucleus of w~hich is at five- microbial metabolism of synthetic detergents.
membered ring co)ntaining 3-heteronitrogen
atomns, is reportedl not to be assimilated by Synhtcdtreti r
activated sludii± (22). Snhtcder-tsi general, aeusually

One of two tvpe . .aioi or nonion ic. Most
of the anionic substances employed are alkyl-

It. would appear axiomatic that some benzene sulfonates. The nonionic substances
mcchanisn's should exist inl bacteria for the con~tin alkyl 1 ipe'-hilic groups and amides,
a~ssimilation of the moilecular fragments, thit etrsorsesashehrpilcgo.
make uip the tetrapvrrole ;in the basic hei tes retr stehdohlcgop
confijruration. This reasoning is based on the
fact that aerobic mierobial slv stems con,, " The -ictab 1 ismi of the allkvlbenzene sfl -
the piwnplyi. rii structure in th1w cv t chrnire s' vs- fonates. has been extenisively studied, pirmar il
tonms as a p; ii t if t h It- electro A. in itspo rt in ni ixed cul turec. The Jpriniacy facto r regulat-
jw(iess. It is reasoAnable to ass ume that sonme i,, :he metabolism of these compounds by an
mewchanism miust exist for the contsicv~itioii ot acclimiated cultutre appear,; to be, the branching
Olhe nlitro.cenl and enevrgy etitalned ill por- ift the side chain which occurs in most coin-
poyi.\nni. It miaY he pi~stiate, hat if p)yrilo nwo-cial products (.1, 23). Therefore, the re-

aleis 11t as-irnilartct, liorplhyrili pi lably is sistajice i.s associated w\ithl a hrctrsi

ap~art fromt that creat inrg the ,,etergeont chiar-

I .ipoi(Is anld fat t acidIs. -tietiii.Inteisaieofhel lpii
others and the other nillionlie subistance";, the

C411,11 il, ca:stile soap, and cholesterol have iiiniber andi ty' pe of It 'drophiilic groups vtli-

beenl previouslv sItidied and f arid to be' as- ploved in nmanu factutre aprpea rcd ti) regulorto
simiilaitti by , vaci*1w sluie' (6). H ence, fi)r Iitetaiholisiii.
the pliri SO (it thil , i'(rk, fall v acids oft kin lwnl
moakeuip wire sveetel fi- stud ,y. InI adition, One 1' the nonit (, icubstiices was found
ipascs ai-c nuiril ini tuigi. ti lie par-tiall y iieaoti in anl earlier N~irk

(6.This nilatvri 1l, 'nitin1 X-I 100, wvas selected
AlkI k0fattv aciil.s , rega .rdless if suappe-ir for studik, The structure oft this coipound is;

to ht. Oxidlatk-elv at tackecd and diegraded in sow ill fiitln I 0.



CFI 3  CH3

CH C -- C -C ( C M2) OH

CH3  CH3

TRITON X-100

FIGURE 10

Bogan and Sawyer (4)i found that Triton TABLE I
X-100 underwent no attack. In the BoeingMirognssnacvtesld*
study, however, substantial but probably in-Mirrgn~nsnatvte lde
complete metabolism of this compound was
observed. The Boeing workers also observed Achromobaeterum Iiquefaients

that dodecyl sulfate was rapidly metabolized. Achromobacterum sp.

The destruction of dodecyl sulfate appeared A eroac t er aero genes
comparable to the metabolism of fatty acids. Alkaligenes fav'ealis
Bogan and Sawyer made a similar observation. Bacillus mycoides8

Despite the fact that a substantial quantity Bacilu oaru

of work bas been carried out on the alkylphenyl egao
ethers, 'little is known of the oxidation se- Bacillus megatherium

quence. The alkylbenzene sulfonates are Bacillus subtilis

oxidized from the alkyl end beginning with an Chromobacterium

a-oxidation and proceeding via pt-oxidation. It (Flainabacterium)

is likely, however, that the ethers may be Crenothriz polyspora

oxidized from either end, thereby accounting Eseherichia CONi

for the substantial oxidation despite branched- Esch erichia f reundi

chain alkyl groups. Eseherichia intermodium
Flavojbacterium lueve

Microbiology of activated sludge Flavobarerium solare

An extensive literature review on the Nleissila peumnarai

microbiology of waste treatment was made by Ni rba atriali

Ingram (20). Ingram's work indicated that irbcea
little is known concerning the specific metabolic Nitrosomonos Pp.

capability of the microorganisms found in ac- Norardia artino~norpha

tivated sludge particularly when human waste Pararolobactrum aerogenoides

constituents are employed as metabolites. The Pseudlomonas sp.
organisms which have been reported in activat- Pseudomnanas pavoflaea

ed sludge were summarized by Ingram. His Pscudomnas perlurida

list is reproduced in table 1. Pseudomonas tralurida

Pscudornonas salopium
Large numbers of fungi and protozoa have Shroiu p

also been found in activated sludge. Other up.le amgr
species have been demonstrated in trickling Zoiarmgr

filters. These data are summarized in table 11. *As revnrWe in rereece 201.
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TABLE H TABLE III

Microorganisms in trickling filters* Microorganisms common to activated sludge
and trickling filters: bacteria and

Actinomyces @pp. fi2amentous forms*
Aerobceter aerogenes
Alealigener #pp. Aerobacter ae~ogenes
Alealigenea bookeri Alcaligenes fae.alis
Alcaligenes faecalis Bacillus cereus
Bacillus althe Bacillus megatherium
Bacillus ereus
Bacillus rulans Bacillus oubtili
Bacillus megatherium feggiatoo ap.
Bacillus violaecus Chromobacterium sp.
Bacillus pumilus Cladothrix
Bacillus xubtilis secheriehia co'i
Reggiatoa o. Escherichia coli, intermedium
Reggiatoa alba
Chromo bacterium janthinum Flavobacterium si.
Cladothrix .p Nitrobacter
Cladothrix diehotoma Nocardia sp.
Colon bacillus Sphaerotilus op.
Colf aerogencs Zooglea ramigera
Eacherieha, call As reported in reference 20.
Escherichia coll. intermedium
Flatobactcrim app.

Flavobacterium aquatile
Flavobaetrrium baluatinum Ingram also reported that the floc present
Flavobacterium devorana in activated sludge is responsible for the ad-
Leptothrix ochrocae sorption phenomena. While he presented no
Magneto bacillus data to support this contention, the likelihood
Nitrobacter p. and significance of this hypothesis cannot be
Nitroomonas op. ignored. The consequence would be that the
Nocardia app. dispersed growth of young pure cultures would
Rhizobium re icieoltum not adsorb, and that a treatment facility
Sphaerotilua sp. operating as a dispersed-growth unit might
Sphaerotilus notans var. carnea not adsorb waste constituents as efficiently as
Sphaerotilus natans var. compacta an older culture.
Sphaerotilu3 natan var. natana
Sphacrotilus natans var. uva
Spirillum sp. Constituents of human waste
S treptoc ,ceuR faecolisStreptomycecA Rpp. The work reported here has been devoted
Thiothrix ipea primarily to an analysis of the effect upon the

Zoogla filiptdrlua biodegradability of the major classes of waste
Zooglea ramicra constituents by high-solids activated sludge.

Data as to makeup of human waste, both feces
•a ̂,,potd i, refer....... :and urine, and the daily amounts produced by

man are presented in tables IV and V (7).
The organisms listed in table III are re- These data have been used as a guideline in

ported by Ingram to be common to trickling selecting the substrates employed in the pres-
filters and activated sludge. ent work.

10
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TABLE IV

Composition of urine

Substance (unit) Usual range

Water
Specific gravity (vs. water) 1.008 - 1.030
Total solids (gm./100 ml.) 1 - 7
Water (ml./l00 ml.) 95 - 99

Hydrogen ion concentration (pH) 4.8 - 7.5

Minerals
Bromine (mg./day) 1 - 5
Calcium (gm./day) 0.2 - 0.5
Chloride, as NaCI (gm./day) 10 - 15
Chromium (mg./day) 0.1 - 0.4
Copper (mg./day) 0.1 - 0.5
Fluorine (mg./day) 0.2 - 0.5
Iodine ( 5g./day) 35 - 75
Iron (mg./day) Below 1.0
Lcad (mg./day) 0.05 - 0.5
Magnesium (mg./day) 1.0 - 2.0
Molybdenum (gg./day) 10 - 30
Nickel (ug./day) 20 - 30
Phosphorus (gm,/day) 0.8 - 2.0
Potassium (mEq./day) 20 - 64
Sodium (mEq./day) 150 - 197
Solids, total (gim./day) 20 - 60
Sulfates, total (gin,/;day) 0.6 - 1.0
Thineyannte (mg./day) 5 - 8
Water ht:,r ',lay) 0.5 - 1.5
Zinc (mg./day) 0.3 - 0.4

Nitrogen and protein derivatives
Albumin (mrg./day) Less than 100
Alpha amino nitrogen total (mag. N/day) 300 - 700
Alpha amino nitrogen, bourd (mag. N/day) 100 - 200
Alpha amino nitrogen, free (mg. N/day) 120 - 240
Allantoir. (mg.iday) 25 - 35
Arginine (mg.,'d'y) 50 - 150
Creatine (ng.!dly) Less than 100
Creatinine (gm. 'lay) 1.0 - 1.5
Glutamine (mg. N~day) 10 - 15
Glycine (mg./day) 170 - 230
Ilistidine (mg./day) 180 - 250
Isoleucine (mg./day) 17 - 20
Leu'ine (mg./day) 20 - 30
Lysine (mg./day) 73 - 100
Methionine (mg. day) 8 - 12
Nitr,gen, total Igir./day) 10 - 18
Threo-nine (mg. day) 50 - 65
Tryptophan(' (mg.!day) 200 - 400
Urea (gm., day) 10 - 40
Uric acid (gm./day) 0.2 - 2.0
Valine (mg./d;ay) 19 - 25
Xanthine (mg. day) 20 - 40

It



TABLE P1 (contd.)

Substance (unit) Usual range

Carbohydrates and derivatives
Aipha-Icetoglutaric acid (mg./day) 21 - 44
Citric acid (mg./day) 210 - 470
Fructose (mg./day) 0
Pyruvic acid (mig./day) 10 - 25
Total reducing sugar (mg./day) 0 - 100

Fats and derivatives
Acetone bodies. total (mg./day) 10 - 100
Cholesterol (mg./day) 0.3 - 1.0

Vitamins
Ascorbic acid (mg. 'day) 6 - 18
Biotin (p./day) 10 - 22
ch- (Mg./dnyl 2 -4

Niacin (mng./day) 0.2 -1.0

N'-Methylnicotinamide (mg./day) 4 -12

N-Methyl.2-pyridine-5-carboxylamide (mg./day) 5 in1
Pantothenic acid (mg./day) 1.0 -3.5
Pyridoxine (Mg./day) 0.05 - 0.4
Riboflavin (mg./day) 0.4 - 1.50
Thiamine (mig./day) 0.1 - 0.4
Vitamin A (lU/dIay) 0

Hormones
Androsterone (mg./day) 1 - 2
Androgen (mg./day) 3 - 10
Corticosterone (mg./day) 0.1 - 0.3
Cortin (mg./day) 0.2 - 2.5
li-Deqoxycorticosteroid (mg./day) 0.1 - 0.5
Estrogens, female (o~g./day) 50 - 150
Estrogens, male ( 5ug./day) 22 - 26
Glycogenic steroids (mouse units/day) 40 - 80
17-Ketosteroids, female (mg./day) 5 14
17-Ketosteroids, male (mg./day) 8 - 20

Enzymes
Diastase (units/flay) 8 - 32
Phosphatase, acid (King-Armstrong units) 80 - 300
Trypsin (units) 40 - 250
Uropepsi (units) 1,000 - 3,000

Pigments
Coproporphyrin, type I (pg./day) 15 - 90
Coproporphyrin, type III (pg./day) I - 241
Inflican (mg./day) 40 - 150
Urobilinogen (mg./day) 0 - 4
Uropoirphyrin (mg./day) 0

Blood games
Carbon dlioxide (niEq./day) 0 - 50

Measurements of clinical interiost
Phenols, conjugated (mg./day) 15 - 40
Phenols, free (mg./day) 0.2 - 0.4
Phenols, total (mg./day) 15 - 40

The v,.liwn vho,wn aro- normal raliige fir vifrious .iulwtanei, in hutman urine-; all vais,. are for

healthy indlivuisaial in a r,,ti,,g .',,nolitjn at st- lewal In a Ltinrwra~tOe nvirnmeitnt. Vie. value, for
many ,,iuin-. ws e c reiott,1 ts .liet;ry intake andI tip *.erriw
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TABLE V

Composition of feces

Substance (unit) Usual range

Water
Specific gravity (vs. water) 1.030 - 1.100
Total solids (Km./lO0 gin.) 15 - 35
Water (ml./100 gim.) 65 -85

Hydrogen ion concentration (pH) 7.0 7.5

Minerals

Aluminum (mg./day) 1.5 - 2.9
Calcium (gm,/day) 0.1 - 1.0
Chloride (mEq./day) Traces, except in

diarrhea
Copper (mg./day) 1.5 - 2.11
Iron (gm./day) 0.7 - 1.0
Lead (mg./day) 0.3 - 0.4
Manganese (rng./day) 1.9 - 2.4
Molybdenum (mg./day) 2 - 4
Nickel (reg./day) 5 - 10
Phosphorus (gm. P/day) 0.9 - 1.7
Potassium (mEq./day) 19.2 - 22.6
Sodium (mEq./day) Tracps, except in

diarrhea
Tin (rnp./day) 0.5 - 1.7
Zinc (mg./day) 5 - 10

Nitrogen and protein derivatives

Arginine (gm./day) 1.2 - 2.1
Ilistidine (gin./day) 0.6 - 0.8
Isoleucine (gn./day) 1.4 - 2.3
Leucre (gm./day) 1.8 - 2.9
,ysine (grm./day) 1.9 - 2.9

Methionine (gm./day) 0.5 - 0.8
Nitrogen, total (gni.'day) 0.7 - 2.1
Threonine (gm./day) 1.4 - 2.2
Valine (gm.,day) 1.5 - 2.6

Carhohydrates and derivatives
Total reducing sugar (mg./day) 0

13



TABLE V (contd.)

Subqtance (unit) Usual range

Pats and derivatives

Total fat (gm./dny) 1 - 7

Total fat (percent by weight, dry'. 10 - 25

Total fat, unsaponifiable (percent by weight. dry) 0 -5

Vitanmins

Beta-carotene (mng./day) 1.7 -n.

Riotin (,mg./daiy) 100 - 200

Nincin (mg./day) 3.5 - 5.5

Pantothenic acid (mr./day) 1.8 - 3.8

Pyridoxine (mg./day) 0.1 - 0.5

4-Pyridnxic acid (mg./day) 0.5 - 0.6

Riboflavin (mg./day) G.4 - 1.20

Thiamine (mg.Ilay) 0.2 - 0.8

Vitamin A (mg./day) 0.17 -0.33

Hormones

No data available

Enzymes

No tina available

Pigments

Porphyrin, total (,ug.f day) 300 - 400

Protoporphyrin (mg. Iday) 20 - 300

Urobilinoren (mg./day) 40 - 280

Gases

No data available

Measurements of clinical interest

Bacterial detbris (percent of weight, dry) 10 - 30

Tb v- 's-n it-r nio-mul rranyco., for various substances, in human fees;~ all value" are for healthy
individuals in u reotinsg condition at hen level in a temperate environment. The ,'aluro for many
substances, or(- lostily relatcil to iitry intake. In addition, there are large difrerenci, from person
to periin.
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IV. EXPERIMENTAL METHODS AND Although foaming was a continuing nuisance,
PRO(,EDU[RES antifoams were not employed because it was

feared that alterations in surface energy could
Culturing procedures affect the nature of the microbiota recovered.

The mixed cultures from which the pure The cultures adapted to bilirubin, pyrrole,
cultures studied in this work were obtained hestianic acid. and cellulose were also grown
were gow,1 on undiluted human waste. The in 300-ml. tubes under dispersed air at 320 C.
parent mixed cultures were grown at 7-day The culture grown on, or adapted to, a single
and 13-day detention times and the organisms substrate received an inorganic nitrogen and
re(-wered frm each system were identified phosphorus source. The inorganic adjunct em-
and tested separately. Similar methods were ployed a phosphate buffer system with am-
used for the recovery, isolation, and identifica- monia as the nitrogen source to provide a
tion of organisms obtained from cultures ac- COT 'nitrogen ratio of 10. The latter ratio is
climated to specific substrates. well within the limits prescribed by Saw-

yer (31) in his work on activated sludge
Raw waste was collected from donors on nutrition.

conventional diets. The feces and urine were
collected separately and a standard waste mix- During the course of the work, 8 mixed
ture prepared as needed. The standard waste cultures were developed on which some deter-
mixture, based on data supplied by Chapman minative bacteriology was carried out. Not all
et al. (6), consisted of the following: were carried to the point where species could

Feces volume 200 mi. be determined, nor were metabolic studies
carried out on all the cultures. There was

Urine volume 1,00 nil. concern, however, regarding the general re-

COD' (adjusted to) 25 gm./!;ter producibility of the response to the differential
media employed. The work was done to dem-

The cultures grown on raw waste received onstrate the reproducibility. The 8 cultures
only that substrate. No other inocula were developed from raw waste for this work em-
intentionally added. The mixed systems were ployed the following substrates:
started by adding and -':, of the culture-
tube volume (300 ml.) of raw waste. Initially, 1. Cellulose (developed by acclimating human

(luring the first few days of culturing, addi- waste cultures)
tional waste was withheld until the culture
had lost its odor of mercaptans and skitols.
The waste quantity was slowly increased until 3. Biliruhin (developed by acclimating hu-

each system was receiving I,, and 1 1, of its man waste cultures)

volume daily: hence the culture:, had 7-day 4. Cellulose (developred by acclimnting human
and 13-day detentions, respectively. Each day waste cultures)

an amount of mixed liquor was removed and
centrifuged. Supernatant wts discarded in a 5. H~uman waste 17-day detention time)

volume equal to the daily volume of waste 6. Hiuman waste (7-day detention time)

added; the cells contained in this mixed liquor
were returned to the culturing reactor. H. luman waste (13-day detention time)

8. Cellulose (developed by acclimating human
The cultures were grown at 32 C. in a waste cultures)

constant-temperature water bath. Each sys-
ten was aerated with air dispersed in the bot-
tom of the culture through a glass tube. Bacterial isolation methods

The initial isolation of organisms from the

'Ch,.mil , 8 cultures was accomplished by aseptically
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trayisferring a reprpsentative sample to each ef Preparation of organisms for Warburg stud ies
the following rnedia:-

The organisms for the Warburg studies
Blood agar tDifco Mlood agar base B45 plus were first seeded into nutrient broth and in-

209: citrated rabbit cells) cubated at 37-' C. The growth from these

Eoisin methylene blue (EMB) agar (Difco B76) cultureA resulted in very high control oxygen
Coiisump',ltio-I. The cells were washed in an

Mueller-Hintor agar (Difco B-252) attempt to red!uce the residual concentration

Me-Crke's.agar(Dico 75)of medium, but contamination ran high. Next.
M~Co~keys agr ~Dfco 75)plte cultures w4ere used to produce greater

Tomilto agar (Difco B-389) numbe-rs of organisms. T**is technic consisted

Sln-ornu-nshigeila apmr (Difco B74) of intoculating three petri plates of nutrient
agar by swYeep noculation. The platies wvere

DesoxyeholIatv' agar (LDifco B1273) iTN'ubated f;or 36 hojurs at 37 C. The res-ulting

Tjsoyhos, e ita 1aar(ifee B1274) gcwth Was, Suispenldedl v0it buffer solttitn.
r~eo~ch~a ctrteagr h,' .'itm-like susnens..ion w%7a-s transmferred

Dextrutse bro~th lDifo 1363 with Pasfieur pipcts into.- irryinir tubi-s, This

Nutrient broth (1)ifco 133) Pr'cedlure gavi- ?ise to a higih contamination11
mortality.

After initial inoculation onto the incdiur, To cut down on thie contamination and to
seeded cultures were incubated 24 hours at gieahre vld2,0m.otyts!bod
37.: C. ; then representative colonies were taken gve asger yDield 2321 m of trtised bloo
frorr the various media and transferred - 1o. m;0ot' ansrwtp adalwdt
nutrient agar slants (lDifco BI ) and stock 50-m. -ttch otew toas lad o the tido

cultm-e medium (Difco B54).solidii v. ,ahbtlNvslid.!te
cultre edim (~ifo B4).thus givingr a larger surface area for sedig.

Subclturs frm te 8 peciens ere The agar was i-noculated from i- fresh culturce

idntfid y lpabti lttrsfoloin, he on ntit ,arby ,:ipendiiig the organisms
idenifid b alpabeic ettrs flloingthe in the -wati-r of condensatior" floodingi the

specimen nunmeral. Representative colonies sur-face of the rn dium. Inubation for 24
we-re as listed: hou,'s at 37 C, yielded a luxurimis growvth

1. IA, 1B in all instanves. Sterile glass beads were added
to the bottles, with 10 Tril. of sterile buffer.

2. 2A, 213, 2FC, 2GHII, 2D Gentle rockiing back and forth emulsified the

:3. 3AF, 311CDE Organiism~s into a smoowth crealay1 suispens'-ion
with H ttle no Migar;r particles. Transfer of

4. 4A, 413, 4C., ID, 4~E, 4F, 4G, 4H-, 41 the suspension to clarrying tubes and addition
5~~) ~i, r4of suffivie~nt buffer to miakze t final xoireof

5.~~ ~ 5ACD 5BirFG15 . com lelted the pri cedo re. Steril it vand
6. A, 6;1. GC, 61) viability checks were then run on the cultures

7. .N 7 1, 7C 71) 7 E 7 Fbefore releasing, them fr thew Warbu rp stud jes.1
7. , 71,7(' 71. E, 1"The vontrol ox ygen utilization inl the N),arhurg

S. 8A~, Sit , , 8F. was still veyhigh. T'o elimninate t Ii i exces-
,;Iv act ivit v or ait east. lediuce it, at ruoilifica-

W~here several let ters are !roiiped ,ifter one I ion in the technlic was adlipted. The 5! 'rile
ouiiber (for exaniple, 26111) it indicates' that mdiV~um in thke ?(U)-ml. boittle wats inc-,ikted,
this org anism wi:ts rec cred from (different minoculatedl, for tw) 's at 37 (C. 111is
mledia "oeded tr(ImI tlk, ui'igiiial ilioctilunm. All res-ulted ill a large volumle oif' "Water of '-

paissagedl velY altelrnate nmuth after purity 30 lo -)0 nil. This broth-like, 'water" %v: rc
andl actit t v cli. , k,;. The p receding stock (ill- in icved and the ued~ui" waIs illoloitel (y lo vpre-
tonsv~ %Vre the isive IY n11--oical': clmans, rathoz tharn byflli



the surface of the agar. The final pure suspen- When substrates were used for more than one
sion of organisms was then incubated at 37 C. Warburg, the COD) was repeated periodically
for 48 hours to allow the dense mass of or- to provide an added check on substrate con-
g anismis to utilize any' nutritional carryover centration.
from thes washoff procedure. This method
strikinglyN cut down on the activity (of the The substrates were introducedl into the
Warburg blanks. Warbury flask with a tuberculin syringe, and

!-mi. serologic ;'pets. The cells were intro-
Warburg experimental protocol duced with sterile 1-mi. piipets. In each in-

, stance. pipet,; and syringres were used for only
The utilization of the test substrates by the one substrate and cleaned immediately there-

p~ure and mixed cultures was determined in- after to prevent substrate cross-contamination.
directly by mevasuring the amount of oxygen
utilized by each Culture. The amounit of The Warhurg flasks were cleaned by the
oxt gen, utilized was mevasured with a 14- flwIng Ji'i ediure
piace m icrorespiromieter ( Bronwill-Warburg
tYpe). Each substrate was tested in duplicate 1. Rinse with tap water to remove residual
flasks. The flask. contained I ml. of the cut- cell tissue and substrate.
'tire cell tissue, 0.2 ml. of 20'i NaOII in the
cen1ter well. 0.1 Mi. of Substrate, and, an aip- 2. Soak in chloroform and scrub with a

propriate amount of monobasic an. dibasic brush to dissolve the silicone grease.
amml mnium) phosphate to prodIxuce a ('01) to
nitroip-n ratio of 10. A final system volume of 3. Wash with Alconox glassware deter-

2.2 in. w~as maintained. Tine Warbu rg deter- gent and rinse inl tap water.
mninaitions were carriedl out at 32 -- 0.01- C.
The wiassware used inl these studies was heated 4. '-oak in hot chromic acid for 10 niin-
for 30 niintues at :100 F. to minimize con- utes: and rise in tap wvater, and finally in
trnination. The air inlets onl the manomieters distilled water.

werv plugged with cotton to filter incomling
;-Jr at the time of -Set. 5. D~ry and dlisinifect in 300 F. oven for

:30 minutes.
The res-ults of the Warburg studies were

c'omplutedl as outlined by' Uibreitf (42) and re- Substrate depletion protocol
ported as oxygen utilization ,n inicr')gtais

veOrsus time. The o~x ' kgn utilized is; reporte.d The substrate dlepletion studies were car-
as the iiw-t arn(Iii t arnd i'delby the input ried (ot by use of cultures of small volume

'01)to b~ain te (X ilat on rtil'~*(T3 to 60 nil.) and a shaker table for aeration.

Th I sul,4-tes ll ,e tily olere TI substrate in each case was sterilizedl to
The oihsate empyedin tc sodx'\XH prey' nt con tanm itio n of the system, and the

jot edued it te W~'log flsk 1 fI(Oh' tibstrate depletion was followved by (leteimin-
omweee nsi.If' ihe water ,soh bil iiv in,1t the ('01) of the ciari fied supern .at ant. The

lit the substriate was ]low, a sol vent wa"s Oil mtins were est abl ished at a substriate ('-In-
p1 tviok. In most cases, the solvent eoll be V011at ion of 7100 m-,. liter and were tested
(vV~kPIraItod by slowly rriaLting the flasks; lot a wtlO aco IbtaodpeinNa p
shaker taIhle, andl wflll ivs :, volaItile' solventls

v ere hzscd, , entii he:Atinc retiived the last

lracos oIf thli sol vent.
C'heical ')XvpeCn deniarid

The ,ihbst rate concen(t rat ion \V1 dtterineil

h\ caldculating Ole 1lorotical ('01) from the 'Te Iichrnlmlate COD1 test u~sed here is

tite COP1 bY aI minoli diehroinlti met h1i.l 01bey I5 fiw relioilii the sysTemi volunwndeim



the required reflux timie. In an analysis of The carbohydrates used were galactose, !nal-
thirty substrates, Okey found it possible to tose, saccharose, dextrose, mannitol, and lac-
reduce the reflux time from 2 hours, as sug- tose. The cultures were incubated at 37 C.
gested by Standard Methodsi (34), to a period and read at 12, 18, and 24 hour.,, and at 3, 5,
of 10 to 20 minutes-and still obtain accurate 7, and 10 days.
and precise results. In each instance in which
the modified test was used, the efficacy of ('a rbuh ,of# , od IL.S ut17ization. Carbo-
the method was checked against a solution of hydrate checks and 1I_,S production were run
known oxygen demand or, when this was not on triple sugar agar slants (IDifi- B265) ;in-
possible, against the long "standard" refiux cubation was at :37 C. Readings were taken
time. The details of the modified COD test at 4, 8, 18, 24, 48, and 72 hour.
aire as follows:

Motilityf aml IL.S prodo-tion. Three nieth-
0.500 ,. K.,Cr.,O. 5 ods were uzsed to check the mnotility of the

Conentate H.804 13 l.orgalisml5. Each procedure is decribed in
-ocnrtdH.S, 1 l detail in the folIlowing paragraphs.

Sample Volume 1" ()ml.

Reflux time 20 minutes 1. Hanging drop. A drop oif 8- to 12-hour
broth culture wats placed on a cover slip and

Back-tit.-tte exces., K..&'r..O- %kith 0.25 N F.i Nil 3.. examined microiscopically. A single concavity
(So') 6H.2O. slide sealed with VaISeine was used as a well.

Nitrite and nitrate detection 2. U-tube. The organisms were inoculated
into 0.1' agar in a U-shaped tube plugged

The qualitative spot tests as,: outlined by with cotton in both arms. The tubes were In-
Feigl (13) were employed to test for the cubated at 37 C. for 24 and 48 hours. Motile
p)resence of nitrite and nitrate, organisms travel from the inoculated arm past

the bottom of the U and uip into the uninoculat-

tTrochrome preparation ed armi of the tube.

Ii'ochronie was isolated essentially by the 3. Sulfite indole moilt (SiM) medium.
pniedreofD)bki (9). Urine wit ** difi The isolates were Introduced into the SIM

with acetic acid to pl .4 and extracted with tus were in tbeathd The C. oc24aned

0.1 volume n-butanol. After washing, tf 48b hour Moutied oraim shC oe diffuse

ale iholic soution was concentrated, wNashed 4 or.Mtl rainssoe ifs

with cb)1, r 'f c, bt'nzene, and ethyl ether, growth or turbidity, or both--away from the
Cyvst all i;at in wats induced b futeco- line of inoculation. ulS production wats ill-

(1111t)ttiol 1111 a dlibyl of rbol t ehr lol d ted by at blackening along the line of in-

Yields ,o iti ar, normally abiut 70 nig. per

dailv uintoutut.lodoh prof-limlI,. SIM niedliuni (solid)

Diferetil pocd ue"anid miethyl red - Voges-I'roskaiier niediumi
l~iferen iall~fict(ure2( i feo 1116 fluid) were incubated for 241 and

18 hiic. iafter iii,,ilation. Indole production
*orloh ,p tidolf jz,,/ti01. The ;Iii,! dI'~ al wa ilioistrated b) v (a) I ,vaks's revagent and

isolates obtalied froln the IIiiXed cidltures were (b) Ehlch's to.,'
test ti b)y the ft I I Wi iig prtcoe(li cS. '1w or'-
ganusmws were it rodiucid into pheinil red bri-(tl I .111" - VP ,om d1it,,. Two tubes, were in-

I )fei 1192) plus1 P; spoc'ific varb,,hvdcto. k)ciulateil all inIcubated at :17 C. After

12 hi iti rs, a 5-nil, sample was wit hdrawn from
F. i...,~ .,, .,... ,,one, t ibe and tested. The remnuiider of the



culture was then incubated for an additional The presence of nitrites, detected by sulfanilic
12 hours and examined. Werkman's test for acid and naphthylaMine reagents, indicated the
V,,ges-Proskauer reaction was used in each reduction of the nitrates in the original media.
case.

The second tube was incubated for 5 days Sellrs's differential medium. Difco 0895,
and the miethjyl red reaction carried out. a comparatively new medium, was used to con-firm the absence of the Mirna polymorpha

4mmona pro,tuction or urea Wilizollion. group of organisms and to assist in the possible
id,.ntification of any of the various species of

rea broth concentrate (Difco B280) and ureao:r, etain Iic)24 wr rprr Pscudomoiwas or Alcaligcnes. Deep stab and
agar ceicentration (Difco B284) were preparedI streak inoculation of the medium followed by
and the appropriate base sterilized in screw-top incub-.ion at 37" C. for 24 hours did not dem-
glass tubes, aseptically mixed, and inoculated.x~ a at:37C. nd radigs ere onstrate any of the Mima p<olymorphal group.
Incubation tAll of the organisms under study were not run
t,ken at 24 hours and 36 hours. through this medium.

Milk. Ulrich milk (Iifco B251) was used
instead of the more Ixpular litmus milk as it Nitrogen production. Sellers's differential
was felt that a wider range of reactions was medium ()ifco 0895) was used as one method
ava able with this medium, especially in the to demonstrate the production of nitrogen.
alkali-produciig category of organisms. The
medium dispened in screw-top glass tubes was
incubated up to 21 days at 37 C. before final V. PRESENTATION OF RESULTS
reading were taken.

In this section we discuss first the isolation
Milk-litmus. Litmus milk was used at and testing of the individual organisms derived

the termination of the identification program from the various mixed cultures; second, the
in an attempt 'o supplement the data for more metabolism of the mixed and pure cultures, and
definite classification. third, the adsorption and special metabolic

characteristics of the pure and mixed cultures.Geh, tin. Nutrient g'elatin (i)ifco B11) was

dispnsed in screw-tcp ;lass tubes and in 50-mi.
gla.s bottles. The tub-s were incubated at Presumptive isolate identification
n om temperature, whereas the bottlc: were
incubated at 37 ('. after inoculation. Stab
iO<CIilation was used in both cases. The but- The bulk of the metabolism studies were
fled media naturally liquefied at :17' C. and iarried out with organisms derived from the
after 7 days' incubation were transferred to first 7-day and 13-day detenti n cultures
the refrigerator until the control bottle gelled, established for this study. These were the
The various cultures were then checked for organisms labeled 2 and .;. Considerable effort
the presence of iiquefacti(n. Cultures were was directed to ward the ident~fication of the
ihe, reincubated for 7 days and the process of species of these organisms.

chilling and reiricubatiotn continued for a period
of 50 da's. Itesults were comparable with In au. , to the work on the principal

itwse of the tubes incubated at rorn tempera nicroorganisti determinative work was car-
iure, %Nhich gave a scanter growth, but denmor- tied out on thc bilirubin and cellulose cultures.
strated the type of gn )wth away from the ir ''ho results , thes, studies are also reported
of in(Kculatioil

Nitrate rcbdectim. Nitrate agar (1)ifc,
B106). dispensed in screw-top tubes, was ii Based on, the results of the differential
ocu lated and incubated for 72 hours at :17 (C. examination, which are shown in talue VI, the
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pure cultures have been tentatively identified The aerobiosis study results were all posi-

as follows: tive. The results of the litmus milk study were
all negative-all, no change. The results of

2GH[ 'sudmn nax the Sellers's differential test for the following

2FC I'.P,.u,?h,,o,, cultures were positive: 2A, 2B, 2FC, 2GHI, 6A,

2B I'ar:colon 6B, 61), 7C, and 71).

2D Afcoligncs or Achrom,,,ctcr

3AF Ahedi pns Metabolism of fecal and urinary constituents
3BCDE Alcaligo'nes or Achrontobae;er

4B (; ffklqo ttragtrna Mixrcd-culture metabolism studies. Mixed

5ACD Ah.,liflncs cultures were grown on undiluted human waste
5FFG Achl,,m,,hactcr at 7-day and 13-day detentions as previously

5B Achromnhoctr or Alcaligrncs described. The mixed cultures were subjected

8A [,,cillus splhricus to a series of Warburg studios to provide a
8B Nor,!ia base for the metabolic studie, of the pure

8D Micrv,,ccus ,'o" cultures. The substrates employeu were:

The colonial morphology and other per- I. Sterile human waste

tinent data are presented in the following
paragraphs:

3. Hlippuric acid

2A Low, convex, circular; up to I mm 4. Uric acid
in diameter with entire edge. Grayish, glis- 5. Taurocholate

tvnint, gram--negative rod; 'lightly striated;
i,: 5g. fi. Glycocholate

2B Umbonate, crrular; 2 mm. in diam- Albumin

etr with entire edge. ('reanjy-white, dull, S. Starch

grain-negative coccobacilli (diplbacilli); 1.9 "g. I.). 'Cllulose

21) Low. convex, circular; tip to 1 rm. 10. Cuproporphyrin

in dianater with entire face. Grayish, glis- 11. U!rochroniv

terning, gram-negative rod; slightly striated;

12. Bilirubin

12 Bliliverdin
2FC Convex. circular: 2 am. in diamter

with entire edge. Creamy-whitc, dull, gram- 11. ('rat in(

negative diplibacilli; 0.7 g. 15. (ruatinine

2(;111 tinvetx with papillate surface, cir- l6. )extrose

cular; I to 2 nam. in diani ',r %ith radically

striated [wriphery and a lobate edge. Gravish. Although iot normal human waste con-
dull, gram negative roil; 1.5 ,g. stitueots, the followintg substrates were also

:IAF Small, gram-iegative bacilli; 0.5 to studied:
1.) ,g.

5AtI) C i ., r-un vx, cirularr I to 2 in. 1. lyrrole

in linictrr, with creniatel idgv-. Grayish- 2. I'yrazh,

Ahitv, dull, grim negative, filintlus rod; :. ('y ly ll"i tant'

2 5 ,x.

,r1 (iivKx, -ircular, i4 to I
j mnn. in . Il-sa ,i- a. il

dlani'-tir with entirc ed.g . firayish, lull,

grain e Igativ rd; 1.5 . g.

7.1It., V. 1001
5 E FI(G 1, , ill .tsx, iirular I min. in

olialin t,-r %ith , reratil, 4idg.. i (;r:yish-whlitv, S * b, i

lull, gran) evgaLti, rIl; 2 vg. I' yl -,ulfat.

Al



The resuits of the Warbur,! studies with the fraction of the substrate for energy, presum-
7day and 13-day detentio1 , culture,. are pre- ably to synthesize the enzymes required for

sented in table VII. In evaluating the results, rapid substrate utilization.
.several correlating mechanisms were attempt-
ed. It was decided to relate the amount of Pulrt-cultourc', tferolisniw stiis. The series
oxygen used( by the substrate flasks (minuis the of substrates employed in the metabolism
control) to the COD1 of the substrate ade. Studies of mixedI cultures wias employed as well
According to av'ailable data at ratio, hiere ini the study of pure-cult tire metabolism.
termed the oxidation ratio, of approximately
0.6 represents Substantially com plete utilIiza-
tion of the substrate, the remaindler of the The oxidation ratios for each sub4rate and
substrate being utilized for synthesis. Unac- organism are presentedI in table Vill. All
climated microbial systemts may use at greater mectaholic dlata are summarized in table IX.

TABILE VII

axgft uptake and oxrido tioo ra tios for mtixred miad piere cultures:
m/0~ lj4l (/ 11I /t

Su~raeInput ('01) Net 0., utilized INet 0., utilized
("g.) COD input

Culture (7-day detention)

Sulfate 90 No mutabolism

('illuloSV 1,138 No ietabolism

T-iton X- 100 1120) No, metabol ism

(sipropsirphyrin I 9 iNo nivitabsil km

I rochrornt,754) 21) 0.0o26;7

Raw~ wastv 50001.

Tra I r t. I,, Ii~kt 392 .N)1.22

Wyohl ;()L, 570 1.89

D--xtros 128 520) 1.21

"ulturt' (I1.day detent ion)

Rim W 144. (1) -, I , 21,0Vsif

auI I\ I wd ;21 1 - ) 1271

11)111 wis' aidi Nt 12 ui; 17

*n,: k, id 39SI.4

Iii t  fit n ;22u'

Iv l III7554Ii



TABLE VIII

O.rj!tcn uptake and oxihation ratios for mixed and pure cultures:

pr rnd bulk cultures

Inpit COD Net 0., utilized INet 0., utilized
(. (g.)I iO input

2A

Taurocholate 1. 96 20 0.102
;y,,holate151 .10 0.265

Dextrose (M) 211 13( 0.r09

D .xtrose (2) 1644 11)5 1.01
Dextrose (3) 5~"; 55 0.,333

Crvatinine P9 2 255 0.257
Steori4 acid 730 160 0.219
Albumin 250 0 No metabolism
Raw waste (!) 530 130 0.245

Raw waste (2) 1174 230 0.236
Triton X- 10( 920 :150 0.380
I1r,ehro me 7,500 200 0.0267
('.,prnporphyrin 1.89) ,0 0.0318
Tripalmitin ( 1) 35 25 0.075
Tripadlmitini (2) (,0(

f reatinq, 1.17 34) 0.20.1
Sulfate ( 1) 5) 205 0.410

Sulfate (2) 8110 260 0.325
(' llulm. ( 1) 1,118 50 0.0.139
Cel ulo , (2) 455 110 0.2.12

Cellulose 43) 1,138 320 0.280
lhusalnljc avid 815 0 No metabolism

1 {ippuric acid 750 155 0.2117

Uric' acil 250 1711 0.6180
Starch 620 0 No metabolism

211

Ra waste ( 1) .!13 160 0.324
Raw waste (2) 530 170 0.321
Raw waste (3) 51)I 21() 0.4,tO
hvxtrisc 4 ) :3: 260 11..S7

),.xtr s, (2) .11'.0 .120 0.914
lhxtrose (:1) .14 .101 0.097
I 'r'atillintl ( I ) .1; II Ni. metabolism
Cratininc (2) 21 0 No metabolism
S t ari- avid ( 1) 1..1; 700 0.179

Sariv n'id (2) 2 2!5O:;

TaIrw ('h,Iatt, 19; 5 .1255

S111 "1 No metabolism
(',,lr,,p,,rldlyrir (1) 3 ) 10 N.. metabolisn
4 ".,lrojl.,hyrill C')) Is.:+'' :144 41.441;

t'r.atim. (1) 127 0 No metabolism

('r,':ttiv 2) :14:4; 0 No metabolism

Sill fate 14:4t1 .114 41.111

Triton X- l100 -.1204 -l4) 0. F's

mer 7,5111 530 (1.0 7 1
(0 .'11nh .' 2, I;S 5 141. ,

Trilia IInit in ii5 50 .Ir 1r.4

Star'ch (1) 4;244 I4 4.411
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TABLE VIII (contd.)

Input COD Net 0. utilized Net O utilizedSubstrateD 
in u((g) Og.) COD input

Starch (2) 35.091

Uric acid 250 235 0.9401

ilexanoic acid 815 110 0.135
Hippuric acid 75(0 65 0.086

2D

Tripalmitin (1) 600 25 0.0416
Tripalmitin (2) 670 0 No metabolism
Coproporphyrin (1) 756 10 0.01:12

Coproporphyrin (2) 1,512 0 No metabolism
Taurocholate (1) 196 5 0.0255
Taurocholate (2) 196 55 0.280
Gl cocholate (1) 151 50 0.331
Glycocholate (2) 151 40 0.265
Raw waste (1) 500 325 0.650
Raw waste (2) 252 650 0.258
Raw waste (3) 974 200 0.206
Raw waste (4) 500 590 1.18
Raw waste (5) 530 100 0.19
Dextrose (1) 214 150 0.701
Dextrose (2) 1,066 410 0.384
Creatinine 992 200 0.202
Creatine 147 120 0.816

'Stearic acid 73u 135 0.185
Albinmin 250 0 No metabolism
Urochrome 7,100 250 0.3333
Cellulose 1,138 330 0.318
ilexanoic acid 815 365 0.448
Hlippuric acid 750 125 0.168
Uric acid 250 110 0.440
Starch 620 0 No metabolism
Sulfate 990 340 0.344

Triton X-100 920 160 0.174

2FC

Sulfate 990 50 0.050

Triton X-100 920 80 0.087

Raw waste (1) 1,1030 265 0.238

Raw waste (2) 500 500 1.00

Raw waste (3) 971 220 0.226

Dextrose 1,066 .000 0.376

Creatinine (1) 992 5:15 0.5.10

Creatinine (2) 199 0 No metabolism
Stearic acid 730 275 0.377
Albumin 250 0 No metabolism

Ilxanoic acid 1,242 505 0.406

llippuric acid 1.60:(1 670 0.411

Uric avid ;7 152 0.228

Starch 1,185 ) No metabolism

V'rovhrome 7,500 540 0.072

Coprop,,rphyrin (1) 1,890 0 No metabolism

Coproporphyrin (2) 3s() 110 0.290
T'.a-7-cholato 16 148 0.755
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TABLE VIII (contd.)

tI nput COD Net utilized Net 0., utilized
OAK tO.) (g.) COD input

(Ivv,,cholate (1) 151 1(0 0.066
(Glyowchlate (2) 301- ISO .594;
Ireat ine 117 79 .537
Tripalmitin (1) 0 No metabolism
"'lripalnitin (2) 24' 0 No metabolism
'ellulo s 1,138 0 No metabolism

2GIll

IR:w :et (1) :'7.1 19(4 ''.195
Ii:w waste, (21 .17,4 54(( l.24

Mmv waste 43) . 260 4.15

Raw waste (4) 500 51)1 1.00
Ihtros- 4 1 ) 1,066 "8.5 0.361
lvxtr,,s. (2) 214 115 0.537
Creatinine P! ' 2 211 0.021
Stvric acid (1) 7311 300 OI.411
Stearic acid (2) 292 44;0 1.57
Albumin 25 01 No metabolism
Sul fatt. 990 275 0.27K
Triton X-100 !)20 31404 0.370
CeIlulose (1) 1,138 210 0.184
( tellnlose (2) 1,131 275 0.2.12
Tripalmitin (1) 2f;S 110 0.410
Tripalmitin (2) 269 (4 No metabolism
(proporphyrin (1) 756 225 0.298
(',,proporphyrin (2) 75; 90 04 119
Ta rt ,('hol ate 196 125 0.6:39
(;lyl-cholatc 151 ) No metabolism
(routine, 1.147 12) 0.8 1
lltxtanoic acid 621 280 0.1151
llippuriv acid 815 4 65 0.571)
rif' acid 3:113 80 0.24 1

Starch 593 0 No metabolism
Ur,,hrome 1,500 0 No metabolism

2-Bulk

Ra waste 41) 500 930 1.80,
t.x\x wa:le 12) 5111 910 1.80

('ltllost. i 1) 1,1:18 300 0.264
C'eluilhse 421 1,138 25) o.221)
Starlh I) 4S2 15) 0.311
Starch 120 .18 2 15) 0.311
'r,.tine I 2) :34; 215 f.587
Cr 42tirw;; 2()0 0.5-45
Cruatininc I 1I) 3:1l2 200 0.510
(ratinire (2) :112 14 0.255
Cor1s,,,rpyrin I i r,S8 4 No metabolism
Urochrone 7,514 0 No metabolism
Tripalmitin :1:), 0 No metabolism
Sul fatc 94 150 41, 151
Albunin 425 115 0.2,1
Taurocholate 191; 45 [ 0.229)
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TABLE VIII (contd.)

Substrat. Input COD Net 02 utilized Net 0., utilized

(Mg.) (Mg.) COD input

Glycocholate 151 70 0.464
Stearic acid 292 190 0.,50
Dextrose 214 115 0.53
Triton X-100 920 290 0.315

SACD

Sulfate 990 0 No metabolism
Triton X-100 920 0 No metabolism
Creatinine (1) 314 75 0.239
Creatinine (2) 992 610 0,615
Creatinine (3) 314 180 0.573
Cellulose 1,138 88 0.077
Urochrome 7,500 190 0.025
Tripalmitin (1) 268 2 0.075
Tripalmitin (2) 268 0 No metabolism
Raw waste (1) 500 395 0.790
Raw waste (2) 530 125 0.236
Raw waste (3) 97.1 350 0.359
Raw waste (4) 500 475 0.950
Hexanoic acid 815 280 0.343
Ilippuric acid 750 550 0.734
Uric acid 250 150 0.600
Starch 620 50 0.081
Dextrose (1) 1,066 425 0.399
Dextrose (2) 460 170 0.369
Stearie acid (1) 730 380 0.520
Stearic acid (2) 292 85 0.291

Albumin 250 0 No metabolism
Creatine (1) 366 225 0.616
Creatine (2) 147 86 0.585
Taurocholate 196 80 0..407
Glycocholate 151 95 0.629
Coproporphyrin 380 40 0.105

5B

Taurocholate 196 135 0.690
Glycocholate 151 195 1.29
Stearic acid (1) 292 225 0.771
Stearic acid (2) 730 0 No metabolism
Albumin (1) 560 240 0.429

Albumin (2) 500 1,675 3.35
Raw waste (1) 974 1,150 1.18
Raw waste (2) 530 240 0.452
Dextrose (1) 1,0, 0 No metabolism
Dextrose 42) .10 38)4 0.835
Creutinine 1092 (4 No metabolism
Sulfate 9,00 10 0.091
Triton X-100 920 0 No metabolism
Tripalmitin 335 1) No imtiwbolism

Urochrome 7,500 0 No metabolism
Coproporphyrin 1,890 50 0.02f
Cellulose 1,1:18 180 0.158
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TABIE VIII (contd.)

Sihstrit& Input (01) Net O utilized Net 0. titilized
.)g.) COI) iniput

I hXm;i',nuu , acid H15 31o1 0,.368
lI ippiri' avid 751) 125 ().14.'
'rh. acid 25:1 11h ).111)

"fIarh 0211 1I No nititabolism

5EFG

Sul fate 9911 0) Nu metabolism
Triton X -ill)O ,t21) 50l 11. 11-1- (,
It w: LW %V:k t 4 ( ) I 1.1111 1:15 12 55
It~tw %%as+te (2) 5)3fl 1,3,50 '.55

1l1,an,-iv acid 15 I) No metabolism
I| ilipuric aeid 750 300 6.100
Uric acid 250 115 11.-(
Starch ;20 ) ,) metabolism
Ih.x tr', ) 1,11.4; Al 10)4.);

'ru:it Il 1.17 1.15 0.077
(''.atillilue ( 1) 992 11;0 0. l;l

'r,.atininu (21 !192 C.5 00,55
St,.arit avidl I1) 7:1)0 25 0.,.15
Stvario a 2) 2ai2 58 '1.199
A Ilbiurin 25) ( Nut metabolism
(o ) I, ),, rphyrin 1,512 85 0.0113

'r( w h ro rn 7,510 0 No metabolism
Tripalmiti. 268 .15 0.111
('. I [Ilsu 1,1X 225 0,.197
Taturoch,)hate 1941, 150 0..7 65
(y, u,,.iuu:kttI 151 50 0.3: 11

5-Bulk

Co)protporphyrin (1) 751; 1505 .2145
Cuprupturlphyrin (2) 381, 145 0.382
Creatint, 11) 1217 22') 1.49
('reatint. (2) 1,17 215 1,.11
I r,,hrmni 7,500 0.05 1
Tri pa I t i iti1 310 ) No metabolism
('t~lluhew( 1,18:1 5811 O..118

Stlf:te ( 1) :14) ,0. 5(15
Sulfate (2) 9911 21t0 0).212
Starch ,1:1: 5001) 1.1 .

Tit, n X- 1110 !#211 775 0.812
A1,un Ii 225 :11 5.89.
TaI 'm hlhate 1) 1191; 1WO1 11.10

TaIurocu,Ilat tv (2) 291; 2:15 1.21)
;ly(.i . -,lu ,, 1 1 ) 151 225 1.,19i

(;Gl ' h,,huLt 12) ; -.1 :115 2.19
Stu:uic tacid I I ) 2')2 170 0.582
Stari avid (2) 2102 170 h1..u)2

I tr,),. 41) 2141 :15 .
Il,.\ su. t 2) 212) :114 l..11
Icxl r,,q. (3) 21.1 05 (wW1O.l
Raw a ast' 252 1;u5 015
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TABLE IX

Ert:.ft ,of .zibstrate oxidation (.,ummarif)

OrganismI I . I,!
Substrate 2A 211 DF C 2G I 2-Rulk 5ACD 5EFG 51 5-BuM 1-Day 13-Day

Raw waste 0-245 0.321 0.189 1.0 1.26" -.80 0.2.16 0.255 0.4r2 )0.615 0.2RM 0.81
0.236 0. 24 1 18 0.258 1.00 1.86 0.790 0.9!0 1.18- 0.595 0.505
0.00 0 .'!26 0.5 0.359 0.314

0.65- ).195 0.950 0.145
0.258 1.!

1.1

Dpxt-oie 0.333 0.N07 ,.384 0.3: 0.3', 0.536 0.369 0.56.1 0.30 0.304 0-561 0.405

.03r9 P.536 i 0.6 0. 61.4 0.)9i 16).914 (0.701 0.537 0.399 0.835 I141 ,094
6,09 .71.40 0.123

Coproporphyrin 0.032 0.01, 0,013 0.00 0.299 0.00 0.105 0.011 0.026 0.382 0.00 0.473
0.00 0.00 0.290 0.119 1 i 0.205

Urochrovie 0.u27 0.071 0.03 0.072 0.00 0.00 0 025 0.00 0.00 0.051 0.003 0,087

Trip-'vnitin 0.075 0 .19 0.0. 0.00 010 .00 .0 0.168 0.00 0.00 0.336
1 0,00 0.00 0.075

Albunn 0.00 0.00 0.00 0.00 0.271 0.00 0.00 3.35* -89 40* 1.0S*
10.429 0.870

Taurocholate 0.'V02 0. 02 .280 0.755 0.639 0.229 0.407 0.765 0.690 1. 0. 8
0 ,26 0.970

Glycccholate 0.265 (10 0 265 0.066 00629 0331 1.29 1,19 1 1 .08
032 ; 0,i .59(j I 4l 40 I I tStar3w acid 0.219 0 it0 .i5 0.277 0t"11 0.650 0.291 0.199 C.771 1..582 0.752

ks idiunm ,at) 017i'. 1.57 0.520 0.415 9).582 0.292

Triton X-100 0.380 0.158 1. 17 4 0,4,7 0.,370 .15 0.,o 0.056 0.00 0.8412 0.00 0.1171

!'hvnyl sulfate 0.32! 0.41-1 .. 5 0. ) 0.278 f).151 o00 A.00 0. ( ) .2i2 0.110

Clcllulose 0.2)2 1)1 t.3 1,8 i o i ). 1 4 t0. . . 0 7 0'.1'i)7 0.15 5 0.4 18 0.001 0,026
I)41. t it 1 I II '.)1

[irci 41.1)4) ) 0 11 1I81 0 00 0iO 1.1, i 0.229 0.253

i4 tilt*, .. 1.1

121.._1 II 0 : T 7 t!.016 I .4)4

,.) 0 1 . 10 1.1I)

I 4G]1 0 .!Wi 0.3681 0}.6711

'XAnIW! acid I .411 iIl .1. I 01 0 , 106 1 1 1.3 O1 0.274

lip !1ric 1 id 1,. 0.-11 0.,0 0.166, 0.484 i .6.17

('rw i 10 0.22So.2 i 0. G 0. it; 100.2 1i1I 1.1911
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Adsorptive and special metabolic studies 200 mg. of hestiaici acid were recovered. The
cuire was uniable to, assim 'late glucose at this

S~ bf uiuadsorp 1 tion by~ P'uitr4 t-jlt U rt.. poinot and gave every indlication of not being
Stud~ies wvere carried out t:) deterront, the order viable. lienve. no~ organisms were recovered,
(If zubstrate removal b '% pure cftre.The and no further efforts were matde to adapt
c-ultilres o-sed in thi4s work were- c&ected for organisms t(, hestanate.
their ability !o assimilate tho;e sbtae
s hwtt.- tf' be ads ;rbeul in prox ius w. ek. (Chap- :'.Adaptior to bile pigment:;. Early work
maii et al. (6 d(emonstrattid that h union ,vaste ol) ; sun t act inudicated that neither bilirubin
cofllpu'!t..!ts andi albuinl were rapidly adsi'rhed nor bilix erdin wa.s rap'(div assinilated by acti-
(int4 activated sludge. The removal pattern x ateil sludge, , o examn'ine the problemi further,
wvas- sft''wn to be a first-order or conceintration- a cu~t nre ( -day detention) receiving only
dependunt phenomenon. The :cutbstrate denie- waste- was ted at waste mixture enriched with

'n expermutonts were t'arried 'mt as outlined 10 m-g. liter of sodium oiiirubinate. This mix-
in the experimentil protcol. tur, "vas fed for at period of :3 mionths at the

end of wbich time tole cells were subjected to

The adsorption studies indicaied that little Warburg study-.
or no amis' rption onto the puLre- cultures took
place. Soiumr bilirubinate was prepared by adjust-

ing a -;uspel] Jon of bilirubin to p1-I 7.3 with

sp,(W! p~raohi.-oshidfs NaGI!. The bilirubin culture utilized about
"fl CIa! ~ Tl olt (0St ~100 .,r. of oxygen over the blank. This con-

1. Adaption to hestianic acid. Previous stitutes about 14'' --o 16; of the theoretic

w o r f (6) has indicated that cultures of high- amount based oin data of Serx-izi and

acivte sldg acuult va- Bogan (32). This roughly correlates with the
vatede sludgee acuult ivar"z thg sid chin t

nuaynti is (f at refrac .tory brown pigment. aoxy roups.o a dtto the sloe ns.
'Ihese material.s were given the general name This extet ooadjatienouterae rdiiona.

studxten oi oxiatie encourage additiofonalra s
tudyit he 'mvex ixtre f mterils sigleorganisms from the culture exposedt

described, tocutatively concluded that the mate- biirubin. and at specific analysis of the biode-
a>werek mielanin-like. Although not well

01 cio ntedc~. it appearedl that these substances; gradabil ity of nyrrole and at group of s'Imiiar

were in a higiher c' 'ucent ration in long deten- coipw unds.

tiwi 10- to 21)-dayv) systemis than inl thos-e Two organisms were isolated from the
ra tt; sh inter detention timies. culture exposedi to bil irubinate-3A F and

3BCI)E. The org~anismis were studied further
T( evaluate the assimilability of hesti anic in Warburg analysis. The organisms si e

vim .0 4-n I. I -day detention culture was about the same ability to assimilate bil iruin.
estV se ;is prey insI v described and per- B il iverllin, ht 'wever. appeared more refractory

mit te et( vicuntlate nest ian ic acid. Th atter than bil irubi n. and neither organism co uld
ni atcia wxas prec i pit ated from "i he discarded assimilate p)'yrrnle. alt htugh 3BC1 E appeared
s1jItIf~ttIlt each daY by ti, of the separationt to assimilate at small quantity of' pyrazole. Both
p r odre of C hapmtatn (6). The precipitate organIinis dIemonst rated at substantial capa.-
NVNs OWN ti wSi1he, non tral ized. anid retuiirned to bil itv to assim ilate raw waste.
the cultuiire. After :1 84daYs of such operition.
the en It rc had accumuldated 207 nig, dry. The culture which was fed pyrrole as at sole
wNeic lit of ni ot trial which responded to the carlon source wvas started at 10 mng. liter and
scpa rat iwn procedu re. The host ianat e wats ro- increasedi uniformly for at week until the sub-

Im'ne ti I the cultutre and the sv stem was stra te conceit trat ion was 200 mg. liter. At
.ttratetl for 310 days. At the end of the 30-day this point, the cells were employed in at War-
p~eriodl, the separation wats repeated and burg Studty.
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The culture metabolized no pyrrole although 12; to 16'i of theoretic gas uptake for bili-
the concertratiorn in the Warburg flask was rubin was again observed. In addition, some
substantially the samne (150) mi. liter) as the smiall qluantity of pyrrole appeared to be
final concentration of that miaterial fed to the utilized.
culture. Interestingly, thc culture exposed to
pyrrole was able to metabolizesutaia
quantities of cvelohexanol and cevclopentane; 3. Adaption to cellulose. The jprocedure

however, no bilirubin wtii utilized. enipla)'ved in the study' of cellulose adaptation
and mtabolismn by pure cultures was similar

The culture N~as reinoculated with 300 mg. to the methods described in the previous see-
liter per day of raw waste and fed both pvrrole tion dealing with bile p)igmnents and hestianic
and raw waste at that rate for 2 weeks. The acid. No problem was encountered in develop-
cells derived therefromi were~ employed at that in amxe cutrcpblof eaoizg
time for further Warburg studies. .Thes e data celuog as aie Clue cab sorcet. iffliculy

are presented in tabies X and XI. cluoeisasl abnsuc.Dfiut
was encounteredl in growing an, adequate quail-

In the study employ' ing the cells from the tity of cells on cellulose for "he Warburg
culture receiving both pyrrole and raw waste, studies.

TABLE X

Oxirt cn iipfakc and oxidaition ratios for ??ixed and pure coltures

S!b~rat~ Input COD Net 0., utilized Net 0., utilized
Gg-) Mg.)COD) input

3BCDE

Ra.% wa-,te 980 495 0.505

Bfli rubin ii80 125 0.128

CY lo PCTntane 10,400( 100 0.0096

Pyrrole ("'150 0 No metabolism

I' r,izt lv 3001 78 0.260

3AF

Raw wa:Rtc 9850 500 0,510

liliruhin 151 5 0.057

Hi) ivet'rd in 50 , metabol igm

I'vi-rode 300 10 0.030)

P 0(1(t : 490.6

Bilirubin

Rom. xoate 1,11552 o.5316

Bilirubin 1,070 117 0.109

('.qvl eta ne 10,400 1:36 0n0131

Pyrrule 300 0 No metabolismr

300 0 No metabolism
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TABLE XI

Oxijqcn iipfake and oridat ion ratios for muud~o and pure cultvures

J-nut COD Net 0., utilized N t 0., utilized
Substrate -OD input

Pyrrole

Cyclohexa ne !ii o 16. o.) I~ #"

Cyclopentane 1.000 229 12 2 9

i'vcazoie .300 0 I No, metabolism

Pyrrole 200 0 NOmetabolism.

B-ilitrubin 910 I No metabolism

Pyrrole - raw waste

Pyrroile 692 610.0868

Bilirubin 99 16 r 0.167

Raw waste 03 415__________ 4.02

A great deal of time wits expendedl in at- TABLE XII
tenmpting to transfer the organisms fromn a Midioe inploycd for (Irolvth of cellalose-2ising
mixed mother culture to small sterile vessels
containing mineral salts and celliuli se. These O/ 1im

attem pts were niot suiccessful in that no tr
tion of celltdos e co.: d be demonstrated in the Tb . a at'(l)Cluoe m)

Warbuirg apparatuis over at 24-hour period,. al- (

though some cell proliferation dlid occuir.I

Latter attem pts at organism iso lation in- 3 4
volving the use of sterile waste enriched with .135
Celluilo se were more sue cessfuid. In suimrnarv--

1. Ce(,llulose susiviled in itilleud water failed to 61 7
:ivv (vir h . .

2. Ilieagur (1 algar 1 5' suliiei 8
phinsphatv buffcr) also kfive T141 lh ____________

3. ellulos, agar il' agar t1, celhlos, 0(5',

pel;ftt' ii plio,.lhate hufftr) vNe wily a httl grit th.
at :; . iii act~ ve rowth wats fouind in

41. Raw \waste \kas diluted to gni. liter. A icllu- a1l ttis rngin~mg from rawv waste to 100'/;
I">~ siienisimi it 'gin. !iter %als jirepre it l the cilulsuk %th the folli)wirg ortganiisms: 21,7
iisuial tlfihatv ariiiiia biftir. .A 'rw i f A tiilis 21 1II. -4,11, 7F, anid 8A.
.ritiinug h till. ,f a -trO Itstilre of tl, tori-

st iwts litnimthod I wa, prepared air 1mdng toi

tb!l xII. 1'1te unts wvere ma~ile from the cul1tures
preprci b)Y noethud I to indlicate the concentra-

The t ubes %vere inoculated fromo nutrient t in. lhe 100' 1cellulose culture wats uise for
ilgar slatts and itntijba.('d for at total oif 70 days the lil:t, coutt, dilt i lin t ryjptow blood agar



base with dilutions of 1/1,000 and 1/10,000. It has been frequently postulated that no
Pour plates were incubated for 18 hours. one organism could possibly carry out the steps
Colony counts resulted in the following yields: roquired for all the saprophytic activity seen

in activated sludge. Ingram (20), as men-
Organism Organisms per milliliter tioned earlier, made such a statement in his

2FC 2,000 review of activated sludge microbiology. The
2GHI 7,848,000 concept is derived from the assumption that

68 1,184,000 a tightly controlled symbiosis exists in activat-
7B 381,000 ed sludge; a relationship in which organism A
7F 583,000 alters substrate A' to B', then organism B alters
8A 148,000 B' to C', and so on. Hence, organism B removes

waste produce A', and so on-a true symbiosis.
After the completion of the work described

in the previous paragraph, Warburg studies of What has been observed in the present
cellulose metabolism were carried oit with the work, h wever, does not support the concept
bulk of the organisms harvested for Warburg of a symbiotic relationship. What is seen,
study as previously described. These organ- instead, is a commensal relationship, in which
isms showed a surprising amount of cellulolytic the activity of a few macromolecule-users bene-
activity with little of the lag time which nor- fits many other organisms unable to assimilate
mally characterized cellulose utilization by complex substrates. The data obtained in this
activated sludge. The data concerning cellulose study permit a clearer understanding of the
utilization by the pure cultures were presented commensal relationship.
in the section dealing with the metabolism of
the pure cultures. To provide a means of evaluating the re-

sults of the metabolism study, tables XIII and
VI. DISCUSSION XIV have been prepared. The data presented

therein have been organized in such a fashion
Significance of observed metabolic patterns as to provide a means of recognizing the mor_

resistant substrates and to evaluate the effects
The results of the metabolism studies per- of commensalism.

mit a broader characterization of the activated
sludge process than heretofore possible. Al- Although many substances did not appear
though lags and other metabolic aberrations to undergo complete metabolism when offered
prevented the acquisition of quantitative data, sing
the use of raw waste and glucose as standard

the presence of alternate substrates will assist
bstrates permits comparisons which can in the complete assimilation of a new or some-serve in lieu of more, specific ,i ititative what refractory material. For this reason,

information. Every effort was i to main- oxidatin ratios of 0.3 to 0.4 may well be 0.6 to
tain the cultures, both mixed and pure, in the with0.7 when the test substrate io augmented wt
best condlition to insure uniformity of behavior. additinal metabolites. Ilence, an oxidation
Wherever possible, replicate tests were sep- ratio of 0.3 has been arbitrarily chosen to
arated by long periods, greater than 2 weeks, to rersn s b en rbtrile c toev~l rat ay pobemsi t i dce byii ott on rep~resent suibstant ial but incomplete metab-

elisrn. The lower limit of 0.1 was used in
anl reversion, table XV because it roughly represents the

The organisms idee tified in the present limit of reprdtucibility of the Warburg pro-

work have, for the most part, been previosly ietlittr.
noted in activated sludge. lerwe, it is assumned
that the comments pertaining to activated The existence of commensal relationships
sludge operation probably are general and ap- can be nited in tables XiII, XIV, and XV by
ply) equally to the high-solids and c('nventional observing the extent of metabolism by mixed
systemt. or bulk cultures as conpared to that of the
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TABLE XIII

Observed index of substrate biodgradability

Number of Examinations yielding oxidation Isolates with oxidation
tests ratios > 0.6 ratios > 0.6 (%)

Total Mixed Bulk [Pure

Uric acid 10 5 2 NT 3 37.5
Hippuric acid l0 2 1 NT 1 12.5
Hlexanoic acid 10 1 1 NT 0 0
Creatinine 17 4 2 0 2 125
Creatine 14 7 1 2 4 50.0
Starch 1.4 1 ) 0 0

Cellulose It 0 0 0 (1 0
Phenyisulfate 13 0 0 0 0 0
Triton X-100 1:; 1 1 1 0
Stearic acid 17 4 1 1 2 25.0

s ikium salt) 
i

Glycocholate 15 6 2 5 1 12.5
T-iurwh,late 11 8 2 2 4 50
Albumin 14 5 3 1 1 12.5
Tripalwitin 14 0 0 0 0
Urohrme 12 0 0 0
Coproporphyrin 17 0) 04 0 0
Dextrose 25 1 2 6 2 .5
Rav waste j :5 14 2I 8 75.0

ri o ' ' d for i ifeelilon.

N ' Not Ute.

TABLE XIV

Obs rruf indhr of mbsttc biodch0 ml; hbility

Number of Examinations yielding xidation Isolates with oxidationSu bstrate
tests ratios > 0.3 ratios > 0.3 (%)

Total M ixed v Bulk J Pure

ri avid V) 2 NT 75.o

llippuric acid 11 6 2 NT I 54).)

llexatoic acid I j) I I NT 3 62.5

('reat nine 1 7 2 7 2 38.5
(I catine I I 11 I; ;2.5
Starch I 3 1 2 0 0
(ol lUlose I G 2 o I 1 12.5
Phenvlsulfate 13 5 1 1 37.5
Triton X-100 13 5 0 2 . 37.5
St. al ic avid 17 12 1 3 75.

(smdi n ;alt)
4ly;otholate I i 5 62.5

'ra uL I ;tto I 1 5 6;2.5
Allmlmin I I 6 3 2 125
'ripahiitin 1 1 2 1 12

Urochromc 12 04 01
rlirporyhyrin !7 2 1 1 0

Dext rse 25 21 3 1 1-1 10)

Ra t %%asto' 15 2 :) 1 [ 5 140

Oak n o t ltt d for t ll i l.

Ni" N .
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TABLE XV

Observed index of substrate biodegradability

Number of Examinations yielding oxidation Isolates with oxidation
Substrate tests ratios < 0.1 ratios < 0.1 (%)

Total Mixed Bulk Pure

Uric acid 10 0 0 NT 0 0
Hippuric acid 10 1 0 NT 1 12.5
Hexanoic acid 10 2 0 NT 2 25.0
Creatinine 17 5 9 0 5 37.5
Creatine 14 2 0 0 2 14.3
Starch 14 9 0 0 9 87.5
Cellulose 16 5 1 0 4 37.b
Phenylsulfate 13 5 1 0 5 50,0
Triton X-100 13 6 2 0 4 50.0
Stearic acid 17 0 0 0 0 0

(sodium salt)
Glycocholate 15 3 0 0 3 25.0
Taurocholate 14 2 0 0 2 12.5
Albumin 14 7 0 0 7 87.5
Tripalmitin 14 10 0 2 8 62.5
Urochrome 12 12 2 2 8 100
Coproporphyrin 17 10 1 1 8 62.5
Dextrose 25 3 1 0 2 0
Raw wast 35 0 0 0 G 0

Data not corrected for nitrfication.
NT - Not tested.

isolates. For example, the interdependence be- The extent of the metabolism of urochrome
tween organisms is clearly evident in the me- was extremely low by both the mixed and pure
tabolism of starch, glycocholate, taurocholate, cultures. Because it was necessary to elimi-
and albumin, and possibly in raw waste and nate any volatiles from the Warburg flask, it
the detergent, Triton X-100. Also, based on is possible that some of the urochrome was lost
the bulk culture metabolism of coproporphyrin, which would, in effect, produce a lower oxida-
phenylsulfate, and cellulose, some commensal- tion ratio. It would appear that additional
ism may exist during the assimilation of these studies with more refined technics, both of
molecules by activated sludge. On the other isolation and of sample preparation, should be
hand, the bulk of the small molecules was carried out to further define the picture con-
metabolized by many of the isolates to a sub- cerning urochrome metabolism. This is the
stantial extent. T t is conclusion is also evident only instance in which it was not possible to
from the data pre.ented in tables XIII, XIV, assure a good quality substrate in the Warburg
and XV. studies.

The origin and precise nature of the com- The results obtained support the concept
Tnensalism observed in this work could only that many organisms can totally assimilate

determined by repeated studies of varying small molecules; however, the capability to
combinations of the isolates obtained from reduce the size of the large molecules such as
the activated sludge. Such a study could add albumin and starch was limited. What is seen,
•~ r'tt deai of information to our current fund therefore, is the widespread capability to as-
of knowledge; howexer, it was clearly beyond similate most small substances, but a limited
the scope of the present work. capability to release small fragments from
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larger molecules. The release of the small in the Warburg procedure, is characterized by
fragments probably benefits all the organisms an oxygen use greatly in excess of that to be
in the mixed cultures., This pattern was noted expected in theory. This occurrence prevents
with all substrates except cellulose. Cellulose a reliable determination of the extent of sub-
assimilation was considerably more widespread strate oxidation. There appears to be no way,
than first anticipated. A curious aspect of the however, that the oxidation of nitrogen can be
organisms metabolizing large molecules was prevented in those instances in which excess
their inability o assimilate many small nitrogen is present in the substrate.
molecules.

It has been assumed that the pure culture
Since large molecules comprise most of the work would not be hampered by extensive

material, in terms of mass, contained in human nitrification, as it is commonly held that the
waste, the factor of commensalism in the oxidation of nitrogen is carried out primarily
metabolism of large molecules has an important by the autotrophic nitrifiers, Nitrosomonas
bearing on numan waste treatment and the and Nitrobacter (16, 21). In addition, these
synthesis of a biologic system from pure cul- organisms are not thought to be heterotrophs.
tures. It can be assumed that for human waste There is some evidence that some of the
assiniilation, commensalism is common. Coin- isolates examined, while being saprophytic, may
mensalism would be of less importance in treat- also utilize the oxidation of nitrogen as a
ing individual small molecules which are source of energy. It appears certain that the
present in many kinds of industrial wastes. 5-bulk cultures during the metabolism of

creatine, glycocholate, taurocholate, and dex-
It is seen, therefore, that in developing a trose were given the impetus to carry out some

microbial system from pure cultures to sub- oxidation steps beyond substrate oxidation not
stitute for an activated sludge system, many carried out by the control cultures. The tests
organisms may suffice, but only two basic for nitrite and nitrate showed that, in some
properties are required-arge-molecule and instances, compounds were formed during in-
small-molecule metabolic activity. cubation which gave positive reactions for one

or both of these materials.
The most efficient system metabolizing hu-

man waste would be one employing the large- It is tentatively suggested, then, that some
nolecule users in a system without competition of the commonly encountered saprophytes can,
from other organisms. Such a system would under some conditions, use reduced nitrogen
al lw a maximum rate of proliferation of large- as an energy source. If proved to be the case,
molecule users, and could conceivably reduce such a finding might explain why an activated
the time required for overall waste assimila- sludge system after long periods in a ow
tion. It would then be possible to follow such dissolved-oxygen environment and heavy or-
a system with a reactor designed for the clea4n- ganic load (which would provide little oppor-
up o1 small nolecules. It appears obviotus that tunity for the growth of purely autotrophic
in the r o rial conpetitive environment of a organisms) will suddenly produce large quanti-
waste treatment systvni receiving unsterilized ties of oxidized nitrogen. Such an observation
was te that the repuired holdup time will be was made by the Boeing ('ornpanv during the
ixtended by the limited rate of growth of the "Mesa" manned chamber run (29).

i rp, .lnode.ulle users.

As a practical matter, it wo'uld appear to be
Nitrification in activated sludge desirable to suppress the oxidation of ammonia

ini a revicte enviro nment. First. the oxidation
The abil it to produce nitrate or nitrite or of nitr ven yields energy which permits a

at t ,ii nitrate and urea was found to be wide- higher synthesis rate. Second, ammonia, be-
spread in the mixed cultures. The oxidation cause ot its relatively greater adsorbability,
of reduced nitrogen as an energy source, as seen gaseous nature, and ease of detection, appears
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to be an easier contaminant to handle than acid was very similar. According to Eman-
nitrite or nitrate. uel (11), hestianic acid contains nitrogen and

is also aromatic, indicating that at least part

In the Boeing "Mesa" manned chamber run, of the substances contained in hestianic acid
high rates of conversion of ammonia to nitrite may also be derivatives of bilirubin.
were observed when dissolved oxygen levels Thcoprtveaefmtblimfte
were maintained above 0.5 mg. liter. There- The5,an 6m ibereas nof-mtabgeos ofcthe
fore, control of dissolved oxygen levels below 4.5.ad6mnbrdnnntoeoscci
that po-init may prevent ammonia oxidation. It molecules indicated that the molecular char-
1a also axiomatic that, in a reactor, thorough acteristic creating the behavior wa-is the hetero-
scrubbing of ammonia will reduce the available nitroge'n in the ring. The most profound effect
nitrogen to minimum levels. Another interest- that the heteronitrogen has on the molecule is
ing possibility is the removal of ammonia as to change its polar and electronic characteris-
nitrogen. The latter control mechanism is pos- tics. There is some e% idence which supports
sible because of the peculiar biochemistry of the concept that alterations; in the foregoing
the nitrate and nitrite users, which will, under characteristics may affect or redutce the rate

conditions of partial anaerobiosis, convert the of transpoart or catabolit attack (26). The
bulk of the oxidized nitrogen to nitrogen gas, findings, here would appear to mipport this con-
Hence, it appears theoretically possible to con- cept, partcularly the portion dealing with
vert the plant effluent ammonia to nitrate or transport, as the a.;sunip: onm is made that somie
nitrite and then, under conditions of low- or intracellular pyrroles exist in miost aerobic
zero-dissolved oxygen, convert the nitrate or microbiota.
nitrite to nitrogen gas. Johnson and Schroe- It would appear axiomiatic that sini niech-
pfer (21) have studied such a flow sheet and anism muLst exist in natu re fo r dlest roving the
found it to function as described. linear tetrapyrroles. It is also riecesz~irv to

note that other types (if miechanisms, purely
Bilirubin and pyrrole metabolism chemical (i.e., photocatalv' tic . or the ivle

ment of a highly specific saprs phyte no t ohl-

Despite repeated efforts, substantial nietab- served here. may be resposn.ible for the' ulti nate
olism of bilirubin or pyrrole could not be dem- (lest ruct ioni of such 'i onnts.

onstratedl. Some of the organisms studied,'
however, were able to assimilate coprtipir- AdAorption of substrates hy pure cultures
phyrin to a substantial extent. These two
molecules both contain a tet rapy rrole group. Ingram (20) pisstunat ed that the so-cal led
Bilirubin is a linear tetrapy rrole and co pro- zoogleal miaterial or sh mcs, exc ret(st by Y1i an
porphyrin contains the four pv,!rrole rings in of the hacteria co mmotnlv f siiiis In act iatesi
the basic herne configuration 4111idge mnat be resposn'ib' ts r the rapid in

oxidat i~i uptake of ccrin 0)iSt r.i-. 're

Aerobic orirganismis esslitaili enzvines of the iiiih emdhtlgs.isrtn 'isni
terminal rveipiration ,wilutice which possic i.l-i obeU iti isg-nKM n
the hemne co n figuiratio n. It is natuLiral t.i as- besnlIh loatni 'wt ;mim ad
sune that so me internal mechumwrn rx! ;t s fo r therct. re. would not he lirt-si-tit m the mi~pvrnwd

the conservation mif the nit rogeli containled inl wrtmVth ishtaiiem fir stusl inl this; 'sork.

the pyrrole and the Lutilization of thes molecuile' lTit-311 of a rapid ohni'riati~v u ptatkei f
itsef., The results (if the presirat stu yii mv swbitmiitial iiunt it i- 4. ,uihstritc. aY4 hi. Ikin
that the tel rapv rrn es are ;it lea.ust iii idcraitvi pe s ulrj te rilur ea - 1~'a

refracisy.albuinii. in t he pri iiit iti iihth ts tiv-l-

Kibit aniounts of -oIst r-at is %% .rv ri-rn ii-4t
Although it may be only coijncideiltal, the rapidly filiiweil IY a linear ( uiu~siet ln

behavior of sod iuml biIiruibinate and hestian it depe~ndent) rem s'i al patt erni.
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This type of assimilation pattern is similar oxygen level in the reactor is practiced. The
to that noted in earlier studies (6) for small production of nitrite or nitrate requires oxygen
substrate molecules. These findings would for a use not directly associated with waste
tend to support the concept that the zoogleal stabilization and produces a substance, oxidized
slime is responsible for the bulk of substrate nitrogen, deleterious to man. The latter is
adsorption. particularly true in remote environments. For

the foregoing reasons, nitrification appears
The zoogleal slimes appear to result from undesirable and control should be exercised to

the way the conventional activated sludge sys- prevent it.
tems are operated. As the sludge mass per
unit of utilizable aubstrate is increased, the The adsorption phase of substrate uptake
system tends toward steady state. It is at, or appeared to be absent or negligible in the
near, the steady-state situation that the sludge studies of pure cultures. The adsorption phase
becomes "activated" and a substantial quantity has been shown to be characterized by a rapid
of slimes is produced. This occurrence may be nonoxidative uptake of substrate from the
a direct result of the increased competition for medium. This uptake has been shown to close-
food. During periods of dispersed (nonfloc- ly follow a first-order pattern based on studies
culating) growth, where food is in excess, the by Chapman et al. (6). It has been postulated
slimes do not appear to form to any substantial that the bacterial slimes associated with ac-
degree. Therefore, the phenomenon of adsorp- tivated sludge are responsible for the process
tion may be said to be a direct result of the of substrate adsorption. This postulate is sup-
mode of system operation. ported, but not proved, by the findings of the

present study. These findings, if substan-

Comments on the characterization of the tiated by further work, imply that dispersed
activated sludge process organisms, while capable of oxidizing the com-

ponents of waste, would not rapidly remove the

In the present work, organisms contained adsorbable components. This wAould probably

in high-solids activated sludges have been result in a lower overall efficiency in a con-
tinuous flow-through facility.

isl lited and tested. In each instance the or-
ganisms have previously been isolated from
biologic waste treatment systems, as is ev- Based on the data obtained in this and
idenced by Ingram's thorough review; however, previous studies, figure Ii has been prepared.
the metabolic characteristics observed here of Figure 11 represents a summary of the in-
the isolates and the combinations thereof per- formation obtained to date on the mechanism
mit some significant gemalizations about the of the activated sludge process as listed in the
process. following paragraphs:

It appears certain that a mixed culture of 1. Most large molecules-i.e., starch, al-
-it least three organisms will be required to re-

prodce he ativty f anactvate sldge bumin, and the constituents of human waste-produce the aotivity of in activated sludge appear to be rapidly and nonoxidatively
facility. Although time lid not permit such adsorbed onto the biologic matrix.
a appraisal in the laboratory, an analysis of
the oxidation ratio data indicates that or-
ganisms capable of assimilating the complex 2. Most small molecules, such as phenol,
molecules, and one other capable of substantial individual amino acids, and hippuric acid, ap-
small-molecule .ctivity could conceivably suf- pear to be metabolized as rapidly as removed
fice, although a combination of three or more
organisms might complete oxidation faster.

3. Most small molecules appear to be

ft also appears certain that nitrification will utilized by organisms incapable of large-
occur unless strict control of the dissolved molecule assimilation.
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Characterization of the actitatcd sludge process.

4. The organisms assimilating large mole- 5. Refractory molecules are present in hu-
cules metabolized the small molecules sparing- man waste and appear in some combination in
ly. the effluent from an activated sludge facility.
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6. The gaseous effluent will contain CO.,, thorough study of the phenomenon in activated
NIl,, and lIlO, and, depending upon the level sludge. The control of synthesis to maintain
of aeration, some oxides of nitrogen, a minimum quantity of cellular material in the

reactor is desirable and perhaps necessary for
7. The oxidation of most small molecules remote environment application.

will be complete within minutes or hours. The
larger molecules and those small molecules Further studies on bilirubin, pyrrole, and
tending to be refractory will require additional coproporphyrin metabolism are indicated as
time for stabilization. It is probable that the well as additional studies on urohrome. it is
3 or 4 days apparently required for good suggested that attempts be made to maintain
stabilization in a high-solids activated sludge the organisms in pure culture under macrocul-
is (lue to the extension of time required to turing conditions and that substrate depletion
stabilize the complex or large molecules. studies be carried out over extended periods-

that is, weeks or months.
VII. RECOMMENDATIONS FOR

FURTHER STUDY Mixed culture studies

Pure culture work Additional studies should be directed to-
ward control of synthesis in mixed cultures.

Continued key-out studies are necessary for The work should be carried out with two ob-
more specific identification of the isolated jectives: first, to minimize the utilization of
organisms. This work should include recheck- reduced nitrogen as an energy source; and
ing some of the results obtained in the present second, to reduce the normal rate of synthesis
program to eliminate the possibility of rever- by the saprophytes during heterotrophic metab-
sion from a mutant strain, or the possibility of olism. There are a number of compounds
a strain becoming attenuated through repeated capable of reducing the rate of synthesis. The
passaging. Animal inoculation or regrowth use of these compounds should be studied.
through raw waste is also indicated. The animal
inoculation would be carried out to develop any Attention should also be directed to a selec-lost chromogenesis or fluorescent capabilities tive elimination of inactive and dead material
lf these rganisms. Serologic classification of contained in the biologic matrix. It has been
sone of these organ isms is indicated, but com- previously suggested that it may be possible
paratve study to ts cultures would be the to improve the operation of an activated sludge
best mvethod of final identification, system per unit mass of material by eliminat-

ing the so-called "dead weight" material. Such
Indications that the saprophytes may, un- problems as foam, gas transfer, and movement

der some circumstances, use the oxidation of of mixed liquor may be reduced substantially
nitrogen as an energy source should lead to a by such a development.
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